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fb# la#altb of bwaam belmgs sai aslasls le detemlaed 
la large «®atar« hf wh&t tMf «&%• Wqie tb# past mmtuity m 
immemia^Xf fast mmmt #f fitMy bae feeea deleted to tfe« 
detexMiaatioa of mqmtmmmtB fsr aoiTHal grcwtli and w«ll-
belag.. fti© «srly mtk was mmemm^ with tfe® gross cfetaioal 
mafe#-"^ &t fo0d»» Pi'&'feetas,, esrbobjti'at-as., fatSj, Minerals, 
aM water w@r# sb®wo to eeastltut® w.iiat appeai-sa to b® all of 
th® ssiiffltlsbl# ma4 esaeati&l portioa ©f fo©d®, Praetioallf 
all plmat aad aailsal f©®€«tmff8 w&re aii®lfi#d for th«s© cq&-
mtitw&iatM wMeti w«.rs tbeafht ts ibe tfee mlj el©ter»inants of 
th& antritlv© quality of a dtst, 
li;p@xia©Btal ist« fxsa sni:fflal f##€4ag studim^ partiemlai*-
If ism gtuMl#® wltfe sm&ll l&hmmimw bmIubIb smsb as the 
tooa Hade It mwl&But that fo#ds coaM not 1>® @vaimt«d elsply 
©a til® laasls of gr©ss eli@»l@sl mmtltmrntBm It was 
fomi tliat diets eoataialag eqml asowtt of proteins, ca^b©-
fats, aai f^a diffsteiit BommM gav® 
cl@el€@dlf diffgreat ?«smlts. Study of this phmmmmmu gav® 
riss- tQ tiie Idea ©f aesgssory faeto]rs, « vitaiaiiis, 
whlob we now i-ealix® t© to© of euoli far-reacliiiig lapoxtsa©©, 
A treaeadsas «o«Bt af wo?k tas hmen i@a# in the dleoo'^ery 
aM st-ttdf of tb© Tit sains asA in tfes fiirtiiei' study of t!i® 
other dietary sssaiiti&ls* A teief samaij Qt th® present 
QQ&mpt of tM® f<»®A e6a«'fel'H*.iits will b# glwmm ia 
the f©ll@wliig pacragfapto. 
ftt&aita &M vit«aim 4 Is mmm&mrf iQt growth 
aad w®ll-to#tag# S»s#k #f tlitt faetoir ia tb® ilet rasiilts ia a 
w&xi^ty of ill ©ffeets. lejrsttiiisstlQa ef ©pltfaeiial tlssws 
memm* I®ffopfetbsl.aia^ a seesataff tufmtlmm Qt thm 
©ftea develops* 4 Asf mmllmms ©f the afeia ant ntght^tolisA-
aest as© «arly sfm^tms &t vitmiiis M. d®fleienef» Poteat 
s®«t©#s of tli® vit«te «jr® ftsb liws- «ii@, grasses, liTe^, 
gresa Imtj vs^tabl#s, «gg fol*:,, asA tettftrfat* fhm vitaisia 
mO'WtB ia plant tlsBms m» th« smotme, wMob is 
omw0TtM %Q vltaais I ia the lives. fM vitasia is a high 
Boltattlmr *#ight sio&hol. Its strautere is Irnowa and It hm 
hmu pmpm&d gf'atii#tissH..y, 
fltmiA i QmmlkmM fim oftgiaal *»t#^«s©lubl.@ vitsmia B 
is a©w kao*a^t'® to@ a mmpMx oootaiaiag msMf iadlirliittsl 
faet©?i:, ' fQur of tli®®© fa®t©riS—-yttaata 1| CtMaaia), slto©» 
flayt%. aiootisie sei4, sod vitamia Bg—-have ,t>®en ici©atifi#i 
aacl syBtli@.ti«ed, Tim fifth faotear, tlie ebiek antidsirffistltis 
h&M hmu Qht&lmd in s yatii@y feigli stat@ of puTl%f 
aoij h&B: ^da p«tially sfiitfe©st«!t€, Tlii® faet©r mpprnm® t© 
te« iieatleal,, witli pmatotteiil© aeiA. Ia a^ditioa to ttet® 
«vtd@ae@. feas feeea pr®s®»tM for the ml&Mmm ©f 
m cii8ti.aet sat4p«-iiJ.Ftio^ faetes (I4) ^anft growth t&Qtmm U 
ant W,. -fh€ anttatmrilie vit»ia B| CtMsoia,), wMefe pre-rest® 
%M diseases of bsrlfeerl ia and polfnfimritis in 
a-atoals, eoastltutts tb« heat-labile frs^tioa sf tfe® B eowplex. 
fitaaia Bi is alttjftda.at la ric© pdliabiage, yds«t, aM wh®&% 
gesm^ ffe# other fmotors sliow oomMm&hM variation ia heat 
etaMlitfj^ fewt tl@F ajre relatively heat stable iii neiityal 
s-oltitioa as ©©apajpat with tbiaaia, aai fm this mmm they 
way to© eoE®i€«y®d m faetors of Mat-stsM# vitaiaiii G» Hiteo-
flavla has toeeo shews te toe ii@e®sg&rf f©r tfet grewth and *©11-
btiag of m&af anlaals. It is. iestrdfet hj beat in slkalin® 
selutisa and toy visibl® m altmflslet light. 0©od soiae#® 
0f ytfeoflsvia &m llfey, nilk, f©a®t^ and agg white. IIeo-
tiaie aetd ims hmn t&mA t© be ths eursitlv® factor fay buaaa 
p®lls^a. It is »tsbl® tQ imsM mm ia alkaline s©ltttio% 
and It i!i©o\»8 la f«s®t, liftr, aad whmt gera« Vltaaia Bg 
is a 6i®st» aad alkali-labil® faet©r wMola has 1j#«b shown to 
b© ii@Get6arf fo? ©®*#fal aaiaa.!®.# fh%& faetor, wtiieh preheatg 
acyodyaia in tli® rat, is fomad ia i>t0s p^lisMnggj y@sst> 
fflolsssefi, aM liver. fli« eMek aatiderBmtitl.@ faetor bas 
hmn femid mmoBmmf im' tk» p»v®atloR of cMok *p«llsg'ra*, 
m& it l« pr0babif es® ©f tb© «ff@etlT© fsetsrs ia tM filtrat® 
fxmotion whieii is 8®s®atlal to otlier aniaal®, fbls fmtOT is 
aMadsat ia liv@2 aad ia atQlaseds., 
fitaaia Q» fit»in m mwmwhle acid, is tli® h®st« 
labile, »mter-S0lmfel« fitaaia that m-mt to® iaelMed ia th& 
dl@t of cs-ftain saisslB ioolmdiag mm., sad gMass 
pig t# pmvent tli® «iis®ae# kaowa ms setirty* OthsT mim&lB d© 
mt mquim vitmiu 0 in their diet» It is knows tbat ^rmt® 
ar©' &hlB to synttosii;# vitaoin 0 wltMin tbftir bodies* Good 
8-QuxmB of vitamim 0 ax® eitnis frwit©,. tomato«i,, grsea 
veg®tabl©s, end potatoes. Tb© stjfu©tur« of sseorMo aeid is 
kaowtt aad tM sfxith^tlQ comp&md is available d» th® market,. 
Yitatttia 0» ¥ltaai,ii D pmwentB and omres th« 
disease Tiok&tB, wh^rwia &hmTm&l ealcifieatioa Qt the honm 
moms^ The disease mf mis© b© oured bj eorraotly adjlisting 
th@ calcia»*t®-pii©apli0rtts mtio in tli® diet o-r toy ii-fadiation 
of th® aaiaal with altsravioMt ligbt, whioli produoes vitamia 
D from 7-d©bFdroeli©i«®t«i?dl ia the stia* At least »l@T®n 
diff©reat sterel i#rivsti¥e# sb©* aatiraeMtie aetivity, tb« 
two of fflost pjraotiesl slgalfl#aBee toeing irradiated ergostei-ol 
aad irradiated f-dshyif&ctiolesterol. Istuml Bouxees of 
vitaala D axe flBh Mvm ©lls» «gg yolk, aM, to a limited 
extent, tetterfat* 
fitaaia 1. l@fiei®iiQy ef rit&mia M, ttia antisterility 
¥itaffiia, predu©®® sturility by inteTfmi-moe witb placental 
fttaetiOE la the feoal# md hf iaterf#!-®!!©® witb tperasto-
gentsis in thm male. feasl©s or a fitaaiiii ,1 dafieiaat dint 
ovulate aormally mad hmm&m pmgumut^ brnt the f©@ti di© a-M 
ar© risS0rto®t» fbe sterility ia females ©an be onmA toy 
adding vitauiE S to th® diet. In ®al©s tbe sterility is 
8lQw®y to lisfelop, tout til© Aaaage t© tfea germ o©lls aa4 
semiatfft^Qui ©plthsllwa is l«epaj'atole aad th® »t©rllitf is 
parnsaent# fltaaia,, 1 Is widtly la natux&l foMa. 
It is abmndast ta wheat gera eil, c©tt©iise®i, eil, lettuan 
oH, and oils of omml gyalae# The ttruetuj'e of vitaaln 1 
loc-toeophorol) is kaewa and th@ ¥ltasi» has been mjnthmlze&m 
?lt^l3a t» Fat-TOlnble fitsiaia I is tb© aatihefflorirbagle 
faetofj the deficieaei' of witieh lia.s been obserwd %©• prolong 
til© ooagulstion tin® ©f Mood ia saimals of iewfal species. 
It is fairly stable to faeat and light# Tm ci-ystalllae 
vitaain lias baca Isolated, Good eowrces ot vitamiii I are hog 
lifer fat, 80|"l)«aii «ll, asd. alfalfa,, 
Other Vitaaia faetors, Sertala otfeisr dietary factors 
ha¥© hmu deeerltoei as ««s©iitlal for various speeies of 
aEiaals* Bom of tli®se are sppareatXj distiact fmm the 
several factors dsserlbed &i>mm and- ttmi om aaothar, while 
others «ay er nsf not to® s©parat® entities* This groiip 
inelMss the aatl-glMard exmlom factor and tli© %nti-
eaoep!ialo»al&0la faetor mqalm$. hf thm ebiote, and tke anti-
ow-seular dystrophj factor fm 0«rtala otb«r aaiaals^ 
Miaerals> ftie eleseats that are sow g@a@rt.lly aoeeptsd 
as hmi&g r«q\iired for iaaia»aiia» autritioa are earboa, hydrogen, 
oxygen, aitrag@», atilfwr, ptosphoraa, clilorln©, lo&im, 
godim, potasBim, ealeiwi, iron, copper, aaogsasse, cobalt, 
a,ad «ia©, TM elaaeats almima, strmtiu®, ^anadiua, feromine, 
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slltes^a,, sai alclel axe bell@f®€ "bj s^mm ioveetlgatos's 
to plaf phy-fil^logieal mles la tbe aalaal bodf, la addition 
to th© iaportssee of eleaeots sm esseati&l imtrients, 
it is kBQwa ttiat ssae mB lapoirt-aat ia mtritios teteaus# of 
tbelr toxic effect®, lo tbis latter eategt^ry sr© thm element® 
fluorios aad selemm.. 
gyoteiaa.. Proteia m tlie mm&ti&2. smlmo acids must 
b« laeluisd lo the dlst m a sottree sf nitTogen fm tis@u« 
^Qvth as# de¥eloi»€Bt. At Itast aia© ©f the amino seids 
—valise, l«'aeiaa, tsoleu^is®^ lysiae, histidias, tryptophiiii#,, 
piieaylalattitte, thr«otiiii«, aad aetliloiiiae—eaa not be synthesized 
fey the body# Slae© proteins itmtw aia^rtedly ia theif contest of 
the ©sseritial aBlno aolds. It is mmBnarj to ooaeider th# 
quality as well a« the qmiitity of protein ia tli« di#t, 
Jyaiaal .proteins gtoerally have a Mgliar a«trlti¥® mlue titan 
f@,getabl# proteias. Whole eggs ptovlM th© liiglaest cittality 
.proteia. kaowa, wliilt • tli« ®gf wMt« slea© htas a mthm lew 
Gutritive vslute# Coabiafttioas of <11 fthreat pi-oteio® mrm 
ng^allf ef more wbJm® tbaa th® iadividml pmt&ltm hmnme 
Qf tlie sttppl©«eiit.asy effeet of their diffei-eat eoEStitueat 
amino aoide. The digeitiMlity of th® protein la tfe# diat is 
alse m important faetof is itt iiiitriti-re value. For example, 
SQfhmm eau toe doubled ia aatiriti-r® value si ©ply hf heating 
bi^iefly, a pxeoes® whioti readers tfailmfcl© e ettiaatity of bm 
sssential amim soid tliat is othefwise ia m indigestible f©xa. 
—n* 
fh# c|msjititatt¥€ t@qtttr#a©at of pif©t®i.a in oatrltioii i« still 
as aasettleA prsblesj. btit it &ppe»® thst a liberal allowsaoe 
of pSQ-lelii la the dl©t l#stg tmmd better nutyttiofi and 
lie alt fe. 
CajpbQhyAyata«« MM aaeuat of stu^f &as been 
devoted to eaftosbffls'ate mets-bolls® in it® various asp#ets_, 
Oaxbohytosttfi alsng with fate provide a, Bouyoe ©f eaexgj for 
th# bo4f# If QmhQhy^&tB Is not iaelui®4 in tbe diet tbe 
aetabolism of fat IM impmlmd aad ketosis reemlts. Althougfei 
a,»l»ia«a of 1i@a to flfteea per seat of oarbotijciyat# will 
matataiii life a»d pmw&nt ketosis, l&xgBt 3m^mk%B am <Sestrabl#« 
fmm tM praetie-al gtaaApel.at mmhohf^mte is th© iaast 
#xpeasiv# sottTO-e ©f 
yatg* fats appear t-o hm mmmsa.ry ia t&@ d4@t pTimmtlf 
as somrcss of tto indispeasstol© msatwatM fatty aeiie 
ipmhmhlf llaolsle, liaoleiii©, or mirachidoaie molds), Fsts 
als-s Bmv% as, a Bsmm of ©aefgy. 
SflTSMIf m f® PROBI»SM 
la ©S'tei' that the eb#aiesl astxix® bM the 
toiologleal s f f r n t s  ©f a talstta# of smbttaiiees aueli as the 
vttaala B eeaplts; ©sa ^ it is first Bmmm&tf 
t© ascertain how mmy substmamB, m fmtom, »« lavolvtd ia 
the Qompl&x &M how tbm& i'mtms nay toe distlagul8!i#d ajid 
Bepmrnted fmm oa® aaoth©!', 
Alttomgh the 'mqni.mmeut9 fm esrtain rltamim m% known 
to VBXf atsoag aiff#r«at sp®©i#s. It has fouM la 
tlia,t results obta.la«<l oa stisll ®i:p«lii#atal aalatls mm 
applicable to the jcMtrltlQa. ©f immaM heimgs aM doaastle 
animals* fhe rat Is aa exe#ll©Gt aniaial for vita.»lB studies 
hmmim® it Is saall, beca^is© it is readily adsptabl© to 
laboratory ooailti^as, beasnse it cowLS%mm foods of alaost 
any typ®, aad bseattse it has a elioi't life apaa. The pbyelol-
ogy and tb@ dietary yequiren^ats of t.h# tat m@ quite siallar 
to tbose of nan and demestie aaiiaal®* tJslag T&tm as th® 
experliisatal aalaals, i-eeialte oa the effeete of differeat 
diets are q.\iieS;ly obtained aM axe readily applied, la all 
of the ©xperimeats ]r®p@i?t@d ia this tlitsl® the t@®t aalraglB 
used w«r® rats fma tb@ eoloay oalataiaed by tfee Okeaistry 
Departaent at Iowa State Oollsg®, 
Ttoi« purpos® of the wmk hemin smpmted has beea to 
oMaia iaforffiatlon oa tfe© diffe^satiatlon sod eeparatioa of 
13-
til# ¥ari0us fa<sterg of th# vitsain B mmplm wfeich m,n b© 
tbowa to hB nmmB&Tf tm tlie Tti«s© studies ha-r© 
laelMed the pliyst#ai-e&«aical fraetl#iiati©n of extracts ©f 
natiifsl foede and tti# study ef tlie fractions olstalned as 
so'arees of the factors of the ¥lta®lii B Gomple%^ lavesti-
gatloBS tiafe also b#ea eondmotsd oa tlis iistrltettoa of 
ladi'ffidiial factors ©f the eompl^E in certain foods. Tha 
studies oil digtrlbutlon hafe fe«ea nad© wltli th# pmrpost of 
obtaining lafoniatloa tMt would fee of mime ia tbe differ-
sntiatioa of the fmtmm In tii@ compiex, as well m to sbtaia 
dlstJibrntion data of prsotloal falus* 
-14-
Elflli Of HflRAfllll 
fhm literature e«iio«.riiliig th® wltsota B eomplsx 1» far 
to© ©3tt@ii8l¥e t© b© exliaiistively r®Fi«ws4 Only these 
articles directly eonnectad wltli tb« st«4y reported la this 
paper will b@ asntlontii. Tti® »sd®r Is referred te the fifth 
editioa of "fhe I#wer Iii©wle<lg© of iMtrltlQa", by Me00llii», 
Oreat-Ieilts, and iay (98J f©r s mm^ exttnsiw mav&j of 
ka©wl@<ig# eoae#ral.ag tM vitrnmin B complex, as well as 
tbat coneemiog atttritioa tm geaeml. Th# early phases ©f 
tbe werk on lbs vitsjala B c©iiplex sf® rmimM by Mitchell 
Cl02)« Mmims toy Slooaiiel ClM), "by If we and !leOoll«a (83) > 
aM by BMrmmn and &ith (182) aay al®^ Ij# eonsultei e©iio®rii~ 
lag the earlier wark. M &%mllm% re¥i@w of the work ©a th® 
vltsfflin B c-aiaplex froa 18S§ to 193-8 Is gtwa toy Miller CLOL), 
A maafear of investigators contributed, to tb® eststolisb-
mmit of the ©xistano® of vitasln !• Sua® of tit® sore ispor-
tast contrlbutioas will be meBtloaM, fakiki (132), ia 18S5, 
reported prevention of beriberi is. Japanes# sailors by the 
alteration of tiieir diet, i deead® lat@r Sijkitaa CS4) prMuced 
exp®riMBtal pslyn®-iirit4f in fowl® by fse-dlug -a iist of 
polished ric®, snfi lit beli«v#d that th© Alsa&ss was ©aused 
lay a toxic aubstaao© in the polisliM rio@. It was suggetted 
by Orijas (46), ia 1901, that tba disease was eaused by a 
ieficieacy ia the dl#t ratter tMs by a toxie substaaoe.. 
-IS-
Hifllif motive odaoeatyatss ©f t'lie paroteetive factor mm 
pmpmmd in 1913 bf wMo tmtwMmmA the t®m 
•vitaain®» to i&eeTilm tto eas^atial pfisctpla. fhe sttidlts 
of MeO-ollni® aad eowoste^s (i?) on mmBm&tf fo#d factors 
showei that yoijoig jfats mfiulTetd *wste^-e©l«bl# 1* In addittoa 
tQ "fat'-solmbl# A* fm Tii«y tliat "water-
solmfci® B" was the. mtlmmitlQ foMmm 
Wm several f&&m Titsaia 8 was btlievM to b© a el ogle, 
water-tolmbl© vltaain a«c#sesrf fm growth aad the p»ir®ati©a 
of bsribeiri m polyaearitla. ms #xp©ttaeatml d&ta 
©a tli@ digtrtbutioa of vit&ain B a^e-ttimilatei, it was iadlestet 
tiiat at least tw© falters TOSt be liiv©lve«l,» fiie work of liaoet 
and hums- (W) rs¥®sl®d tiiat tlie aatine'iifltis activity was 
destroyed by autoelavii^, wMl© the grewtii ps^oaotiiig activity 
was aot d©stroy@d» Salth and leMriet (1^7) fo^nd that a 
vltaiata B fme dlst Sttptleeenttd witis roll«d oats gava 
decidedly suhmTmBl gxowtl, ^mt that growth could greatly 
improved by addltioa of yeast or feast ®xtmet,, fhey fouad 
tiiat If the yeast or jmmt extract wmm amtoclavad, tbe 
ability to siippost growth m a sol® soure® of vltaala B 
was lost, but tiiat the autoslaved y«ast o,jr yeast extract 
gave tfee ss-ffi© laproveiseat la. gmwth m the a&t <il®t as dli 
tla@ mli#ated raatarlal.. Solitjergsr, f!ie«ler, Lilly, mad 
Bog@ra (4B) ani OeMbeirg®?^ mA Mllf {44) sli0w@d that limaa 
p8lla,gra was oared toy the hest-atabl© f^aetloa of vltaala B 
stae© it was cmred by autoelaved Auteelaved feast 
failed to aalntaiii llf« la »ts wlieo it mmm fed m the sol@ 
se-tMcee of vlt«la B, tint it gme good gf^wtli wliea s«pple®©at®i 
with BM 85 p#r seat ale^tollc Qt Qmrn* fli# eora 
extract was, ta tum, tii©a#a1jl# of st^pQietiag grswtli when 
fed m the sele soute« ©f vitaaiii B, lls«g« and Oayrl©k (58) 
tQmki. mm to b© ri©li ia tli@ matlneurltle faetot, bw.t it was 
pmT In tb# gmmth pmm&ti&g. feetof, la tb# esse 0f jmBt, 
t'Mf fomd th# ^dwtb faetdf te b® pr§s«iit In Is-rger ptopor-
tloo tbaa the tmtm» 
fbe ab0¥-@ svideaee, uMng with coaslderstole otlier 
•olatet etiaene#, had deftalt#ly ©stsblteiied "bf I93f tb® fast 
%hm% at Itast t»G watey-sululjit Titaalas wmm iavolvM la 
wb&t mM orlglaslif assimet to lb® s sliigl# smbstaaa#, vitaaia 
B. At tixis ttss Cl9i?) til# cQiifilttee ©a fttsmiii teralaology 
(SS) appoluteci by the Mearieaa Society of Siologleal Otiemlsls 
reo#a5i«ad©t that tli@ iMlatwitle factoi- b« 
4e8igna,t#€ as vitaula *&*, aa4 that %hm tmm ijeat-stafel®^ 
wat#r-S!&lmbl« gy®wtb or ptllagrm-prefent&tive faotoir, 
fee oali#d ¥ltaal,a SmgHsb wortsi's (B) have the 
tera *B3_* t&T %h& fe@t.t-labll© aatiaeurltie faetox sad *Bg* 
f0x tb# beat-stable gmwth tmtQT, fsH.ap-m-pi'eveatatlf# 
faetor, m mt antl€@ras.titls faotor# 
fellowiag the eBt&btishmmt of the dml natur© of 
fltsaia B, maeh werfe wms dd-ae 0a the dateraiiaatioa of tli@ 
distribution of tM two f*^otioiis In -rajrlou® foode^ It was 
mmBsmf to 4@ir«3.©p p]pepai'att0BB ef emh fitmtlon ot 
relatively fire% of tb# other fia^tleii 00 that diets defioiaat 
ia vitaailri B ©alf or titaaiR Q ©bIf mnM be pmdumd for th© 
assai- of til# tltaiilB ia «p.«sti&n., AutoelavM yaast was fmiM 
by several »?orl:ers to Ije a good source of vltsisln 0 fyse of 
tM antlaforltle faetor, Cblel: and lose©© (12) fomd. tliat 
feast whicfe had to@ea autoalsvtd for flir# hotarg at 120® 0* . 
would ftot support growth as a s&le source oif tfe® B qq^Ibx^ 
hut when the amtselaved yeast wat- BappleTOated wltb m 85 
per ceot alcoholic extract of wh©at gerffl qt of yeast, aoriml 
growth was olstslaed# fh© alesiiolic extmets Qf wheat 
aa4 yeast were t&vmd ta tm mTj deficient in the aatl^erjistitls 
faotor., Borcittlii sad BhmmtM. ($} um& &a SO per esat."by weig&t 
al©oholio extract of whet,t as tbe sowree of vltaalu B In tbeir 
diet for Yitattila S as8af„ wltlcli laas he&n euhBmmmtlf used by 
fflaay iafestlgators. Msorptloa with, fuller* 8 aartii was 
©siployed hf Seidell CII8J t© remove vitatitn B fi-oo a yeast 
extract,. A.fttr adaerpttoa the vltaMo was tlnttd with bariiM 
hydroilde» TM pll for adeorptldu ef vitamla B was 
fQucd to he pi 4,5 hj Sal.iiiQii, CJmeri'&at, aM Hayts {116), 
Tliay found the 8,iitid:ertBstltl.s Smtm to be Ises etrongly 
adsorbed; aaxliaiiia 04sofpttoa occmirtd at pH 0,08, The inter-
aatloaal staiidaxd of fitftiala Bj (16), adopted hf the SecoM 
Iiit#xiia.tlottal <loa.f®r@aoe on fitaaln Staaiasdizstloa., was a 
fuller* a mmth adgorbat© and was belte¥#i tQ eoataln little ot 
jtt© vitaalo a, Iliiaerisl@f Pete^rs C7S)(793 py#psr©d snti» 
s@-sixltie e©iio©iitmt#fi f3r®« jmst aa4 tisM aiso^ptida oa norlt# 
fQT the eonceatmfeioa ©f vltsaia B» 
Ilogaa and Emtmw {5S) feusd fttsalii S to be destreyei toy 
Irradiation with ligM, leaving a vltmlu B BouTm 
free of tii# U#at-stabl# fmeti©a. tXtlistjgIs Shick and Iosco® 
(13) ae well m MmmAf aad Falisef C?3) wei?# uiiabl# t© destrof 
all of tlie ¥itaiala 0 by this iiesjas, Sar© (131) oMais®d 
vitaaim G fr®« polisbiag# tor tbis Imoomtstrnm^ 
dm ia th# r#s^Ats ef vaxiotxs workers may aave bmn d.u© to 
dlffereaetg la tti« iegraa of ©.xposure er t© mriations la tb# 
iateaeity of tii® ulttsviolet light# Ricbafiisoa aad Hogaa 
(114) yepei-t that lipoa iaaiistlQii of powfi@i#d eaxrlete of 
tb© fltsfflia B c«pl«a:, fS t© SS per eent of tli« vitamia Q 
pimmt is d#strofM along witti SO to 60 p©r ©est of tlie 
vitsffittt B, whllt if th# Irraclistlon is eoMafit«d »ltla th© 
ffiaterlal la solutiea, a mom sttlQlmt sM gtleetlve deetruG-
tioa ©f ¥lta«iii S is rnM-rnimd^ 90 p«3P ©f the 
1 table ftaetloa aM 10 pm oeut of TitaBla S belsg €«stroy®d« 
10 work oa th® «#par&ti©a of vltaaia B aM vltaain G 
pregi-esaed with the dewlopasat of a«« bigiilf purified 
souree® of #mob firaetlQB, BMA as work .pr©gf-«ss#d on tb# assay 
of ffiaoF foods for tb®l? eaateiit of the iMividiaal f^aetioas, 
it beeaii® evident that aoi'e tliaa two faetore wm® luv&lv@A 
-if-
ill %hm vitsmlm B oonplex. A lastge auafeer of papers hme 
•appeaxed ^eportisg evideac# of thm further separation of 
factors in th@ ooaplax,. Of tli«s© papers,, oaly thos© wllX b# 
meatloned whioii &ppmix to be ao»t signlfleaat and wtiioti 
help to clarify ratheir tliaa to coafmse the deTelopmeiit of 
tlie differentiation o-f the vitmio B e-osplex up to the 
present tiaie., Eirldeaee of a third factor was reported by 
flmt (62), wlio foimd tbmt eoc^tliiag present in tb« residu©, 
after extraction sf yeast with wmy dilute aeetlc aeid, wai 
rsQwired for optimal growth IN rats. A sssll poi-tloii of 
this faotor was found to remain la the fuller's earth residue 
after elutton of tbe antlHenritic factor with toariiM bydfoxid®. 
H u n t  a M  f l l d e t  ( 6 3 )  l a t e r  r e p o r t e d  f u r t l i e i p  evMexice  o f  t h i s  
factor, a.M Willlems aai Lewie (138) fmnd that s fmetor 
present la the re-sldue f^oa extraotloa of ysast with 50 p©? 
©eat alcohol nust Ise tooliided la the diet to obtain mmal 
growth la the rat-. l¥ideno@ of a h©at-laMl@ factor, vltasin 
different froa vltasln Bj, aad necessary for growth, and 
preTsntion of rflttfiQiilar weakness in rats^ was giv^a by Header 
(112)« Sgg will t%wM oil haft heen reported, by GMol:, Copplag,, 
aM Rosooe (10) to M a gmd source of vitamin Bf (0) but 
deficient In vitamin Bx, was fomd by Chick md Oopplng (9) 
t© toe laclclag la a new li«at~sta"bl© faotox, As early 
m 1929 P©tei*s (111), after consideration of the evidence la 
tbs lltemture, coaclmiisd that there was a possibility of at 
lesst five fa.eto.rs in the vitanila B Goaples, A review of 
t!ie literature ooaeeTBiag poseibla factors which had beam 
reported up to 19S3 is gl¥©a hf Lewis fSS)# 
The Isolattoo of pure Yitauia % madt pmsihlB th® rapid 
deirelopmant that followsi io ttit .dlffeyentlatioa of thm other 
factors of tlie ^itawia B esuplex. Work on the Isolation of 
vitamin pyior to 19Sf Is hj Ixme and EeOollm 
(83)» 1e 1912 fucyfe (43) haii prepared a i^ttala B (l^) cob-
e#ntrEt© containlag sto©iit ©e© per cent of vitamis aceordlng 
to the a,etl¥lty of tfeat prep&ratiaa, as compared wltb the 
activity of pure vitsmiii Seifiell (119) eeEdiieted exten­
sive studies on the eonesat^atiSE and piiriflcation of tlis 
•rttasiln employiag adscixptlOE of the Titssiln fr-o$ acid solutions 
witli fuller*8 earth, and. be ©Mt,la#d eoaoeritratts of ttiree 
times the E.otiiritf of Fiiok*© eoiiceatmte# Using aodificatioas 
of Seidell's adsorptisa .method, Jansen »e5 Deamtti (BB) wm& 
stile to isolate imp-iae cyyetals contslnlag OTsr 50 per cent 
of til© sntlneuritic fs,otoie. By quite similar aiethodEj liMatis 
and coworkers (143) ©"btaiaed crjgtallliie iritsailii Bi of soffls-
whEt lilgher potency and airiTed t.t the eori-eet empirieal 
formula of the iritaalB whea thej deteoted the presence of 
sulfiir in the cesrponad. Willlaas, fatermaa.j and Iferesitesy 
(141) de'#€lopeci aetbMs of obtsiriiiig tha Tltamin in la3?-g# 
quantity so that a yield of nhout S5 per ceat of the ^itamiii 
present ia tii@ startlag oaterisl, fie® polisMags, coiald fe# 
©totain«4» fbese lasg« fleMe of pare Fltamia mad# possibl© 
the OQiii>X®t@ ebealeal study of tb© vitaaia, Syathesie of 
¥itaffllE Bi was aoeoapllslied hf lilllatis aM Cliae {139) • 
fork ©B tilt iBolatidft, ideatiflestloa, syatlitgi.®, sai biologls-
al ptQpmtiBB of vitaala hm b«ea reviewed by fllllsms sail 
Spies (43). fitMla Bi ehlei-ld© hydrQClilorld# by Its fiill 
d#soi'lptlve eMaleal Bm«e Is S-^»istliyl-'i-'C4-««tliyl-«5-'b«ta-
byilr©*y«th.yl'lIilasoltta eiilortt#) ffl®tiiyl-^aaiii@pysi»iiiii« 
hydr©efcilorid®, fb® &m» hmm imen adopted fox tli© 
deslgimtloa of fltsola Bj the intxioaa Aeiooimtioii ©f 
Biologieal 0ii©«lst® aa4 hf tb® tea^ioaa Institmt# of lutjrltlon, 
a® w«ll as hf tli@ Oemoll ©a Pbai-nae:^ sad Olisiiistry of the 
Aiasrlcaa Medleal Asaoelatiosa* 
It was aot©4 by sad *agii«r-Ja«3re® |84) 
(8S)(86) that tli« gifowtli pj-oaatiag ritmim Bg C®) wm slatlar 
ia Its distflbmtiQii and pmpmttlm to eertaia aatmrally oeour-
riag yellow, g]c««n flti*ir®geeiit fhey isolated the 
aetive pt.sa®iit0 fm« tgg white aai fesia ailk and called tli«s 
0¥0flavta and laetoflaviaj rasp«-©tlv@lr. It Is now known 
that these pigaaats aM th® otiiei' aaturally oeeuyriag M.©-
l0gleally aetivt tlmtm am ld@iitt®al wttb 0j^?-difaetfeyl-9-» 
i'»-<i-rlbityl lsoall©xasla« ©r S~3Ell3«flavin, which was 
syatheslged "by lute and feygant C89|* Qfowgf,, wm Kl&v&tem, 
SMhUg and Wagaef-Jattregg CS"*) fstind it neeeesary to include 
a flavia free supplea^atairy feetoy la order to iiwoiistrate 
til® grmth pfosottag aetlvlty of pure flavta on the SorQ-ttla-
SIi@»aa tfpa of vltania 0 ci®fi«ieiit diet, fl» supplemeatar?' 
factor was mdded ia tfe© tmm ©f a ©easeat^atei extraet ©f 
f®ast wMoh bad hmn f£©@d .of flavlii by adsorption with 
fmlley*s ©artti, fli@ sttpplessatary tmtm was aleo f©md t© 
b@ by "Pttsrs* m eoaeeBtrat® ©f vitaaiug 
Bl and B4 a«e©ydliig to the ustfciod of llniiexslty, 
O'&ieap auttt faters (f?), M first it was b@ll«T©d tbat 
¥itaaia B4 wmm tte xeg-yd-rei to smppleaeat tbs f'itaralii 
0 defioisnt ditt pl^s flavta* Mowstm^ Qjmgy |48) d®a©ii-
stmted tliat %M tmt&w iawlvet wa® aet d@it^©y#d toy auto-
«laviag at pi 10.0^ wtmmm- vltaaia I4 had hmo. foxmd higbly 
saasitiv© to iisatiag ia slkaltas solutlcm. fltb the imB of 
crystallia© vltaoia Bx instead of Inptire eo»o«.ntxate8 in tb® 
v i taa ia  S  f ree  d ie t ,  i t  was  c l# f ln i%alF  s feowa hf  Qy$sgy  (49)  
th&t tw© t&ctQTS wem iMvelwed ia tb« beat-stable vitamin S» 
Om of that© factor®;^ flavia, was f&m%d to "bt mm&B&Tf for 
gyowtli, whtyeas the otfaey factor,,, **fltsmiia %*, wis.8 TeqMiT0& 
fm tlm &im ©r p?#'r©atioa of tb# psllagpa-lik#, iaflasaiatoxf 
ieriastiti® (aoro^fnlal ia tli« rst as w#H a® fo^ growth, 
Suffieigttt qmatities of vltaffiia ig to prevent the devtlop-
oeat of dswa-titi® in tb# rat fount fTaquently to 0©ii-
ta«inate tM crude vitaitin S3. p^epatatiQn used in th® Bo3cq«in-
Bh&Tmmi ditt# Qymgf (SO) tfaat "botli flavia aad 
vitamia Bg w@re dsfitxoyM by iTT&rMmtloa with ¥lsible llght.» 
HogaA and Hiobssdsea femi evlfiene# of a t&etm, 
ptmBut ia the 95 p« mn% Btrntmliii #Etraj3t of mtn starch, 
wiiieb cum€ deromtltis la fsts on a "ritsaia B ^omplB% free 
nation plus ixrsilated feast iftm of vitania §) but wliieli 
did not allow growth* Sine® naa-iyradlate^ yeast was observeA 
to ciiars th« dej-aatltis aoA all©w gTOwtii, tfeej suggested, that 
the irracilstloii of tM f@ast mmt hmm destroyeA m growth 
factor as well as aii sntldamiatltie fsstQ?, 
That flavlB aM vltaala Is did act cotsplete tim vitaain 
a (Btl mmplBi. wss smn discovsrM, llioads aM Mill®? (1X3) 
8li©w®4 that flavift aal •wit-mlu Ig »«» aot ©ffmtlm in cnjtag 
ea»iae blact-teagws., wMln Isaa (18) deaeastist-M ttot nslthm 
©f these faetosa wfts tM aattp®llagya faet©if tm teamaii feaings. 
Meanwhile llve^^w AM Ka%lm prQTed vitaaln Bq 
flawla to. toe lii®ff®©tiTO aigatnst aMek®.n deroatttis, whiQh 
thsf w®x@ atole t© <mr@ hf feaitiig th© filtrate froa the 
flsTla adsorption of lif«r %E%Tmt^ 
Imptmskj., J'okss, aad Ifam-s# (93) frnmi th.a,t th&m 
wer# t«© faoto^rs of tli# vitaaia B eoaplex pf'tseat la the 
flltsat# tmm tii® adseFpttoa oa a staall qiaaatlty of fuller*® 
earth ©f th« -ritawia B| aad flavia la ext^aets of llir»ip ot 
tlm poli®iiings» Betli imtms Qt the fllti-at® we^e required 
for growth and foi- tfe© p^@¥e»tioa ef sp@elfis cl«matose® im 
%h& 3?st» 0a®. ttes® factors, flltrmt® factor 1 (fa©t©r I), 
«24-
WBM mmoved from the extracts by yeptated acl§<3rptio» wltb 
fuller's ©artb, wli«r@&8 the other faete^, filtr&te factor 2, 
was uaadsoTtoed and seaaioed la the ftltrst© fto« tb« flaal 
afts-'orptioia, f&Q%Qt i was obsefrad to pmwmt m s 
coaditioB typteal ©f |4S) vitaala ig t«fl.elsaay« 
?b© filtrate fron tii® fim&l sdsorptioa msed o!iiek«a der«a-
tltls, fh® active grlaelpl# 0f the ftltrats whieb wmt co»-
eeiaM with %h.& ewe ©f eblsfeea demstitla was oallti th© 
"filtyate faetor*, whiM tb® t@» 3* was nsftA ia 
TOferaae© to Vm faotof of tm essential to tto 
rat» It was not iadle&teii wtiethef os not »faetoy 3« mwAHim 
filtrate faet©!'" wmm lAentioal# tlie flltfat# fmet©T Celiiel: 
aati<i@riiatltl0 fmutm} is d&stmj^A hy heating tot three to 
five houyg at pH 10 i-a a Ijoliiag TOter teatfe, a® was shown bf 
^pkmsky (SO)* 
EXiroii3@a, Io#iiii., mad Oleson (38) ©IstaiiiM fr©ai tbely 
aoae@tttrat®<i llv#? filtrate sa al€«hfil»®th.©r-pr©eipitat@ 
wMcfe pr0Bet®4 gsowth in rats mml-wixig ¥i.tsaln Bi, 
fla^ia, Yltaiaia and ¥lta«ia B4. fliey found the aleijbol-
gtber-fre^ipltate frntm^ "'f* t© be iaaoti» la th% cure of 
ofeiokea desaatltls aad in, the ciar© o.f eaiiln© blaok«ton.gu©-, 
fmtm f is iaaetlfated hj t© 100® 0, in aeid qt 
alkaline solutioas aeeordlag to Frost mS. llvelije« (39)# 
flwekjeo^ Ma4<iea, Str©ag, mA woQllMf (29) is©latt<l aleotlai© 
miA and alostiaamid® tmm tlielr sallpsllsgrie e©iio@atsmte. 
m&A upeia tb#®# mmpQwAB tMy fomt moh ©f t!i#« 
issuable ©f etiriag esaiae bls,el*-t©agii#, fblg ladioata-d tbat 
%fe©s0 mmp^mA& .«iglbt sl®e te th« ewatiT# ageats fo.r feuaaa 
ff«llagr% aad tbis was found to b# %bM case tep-
kwifcf, sM Jakes C^} sM Sal tit, Ryggin, m&. 
SMitli Cl3i)« that aeltlt#^ mmt dersatttl® cbleteB tsms-
titls »ss eiifsd fef Bie#tials eMi. was rewalsd by Cmsa Cl9)* 
S«s wmkm» itmm hmu ttsable t© d#:t®-et ©vidette# of 
nlcotlaie aeld being aa ®gg«ii'tial factor fm tb# 
!lg.sr&@, Isftla,. sai Msrtla Cll) efeseirTed th&t rats ttirlvM 
©B a. Bleotint.© acid 4@fiet«at diet,. wMl# the tan© diet when 
f«i. t© li«fs p3r©€-iici®d »©*«© iefi»4«iief ifntteias tasludittg 
prnmBkB^ loss af feair, and fo^aatien dry^,. seab®, 
Likewise Blireb wm mmhlm t# p?©dnes aicotlsie aolA 
d@ft<sieag|f la ?ats, 'Bmrnm^ otMr iavaatlgatofs liav® detseted 
dtftalt# dffeeta of uteQliiii© aeld iefloitacy ta rats# lul## 
sM lslab@rg CSlI femat tkat niootiale aeia tli© 
ilTSs Qt rats on s vttmmim. B e©apMx-frte diet plus vitaaia 
B|, tXmi&f aa€ fttsaia B4, Fa^ aad F«A (43) 
m4e®ilaJLs asid to hmm m f©o€'»«par4ag aai. weigbf-pi'tserriiig 
aetiOB upoa fats res#!-ring #mly vlta«iii Bj as a sia.ppl@«eiit 
t© til® vlta»i3a. B s©iipl.#x-f:re# mtioa* Preif^atl^a of amtri-
tl0Bal_ pawyeiopMlil^As <a,tjopli? of the tooa® m&mm) ia 
mts %y tlie laelwi^a M aiooliale mM iu tht ditt hm be@a 
:r«p©rt@d hf Qf'm^ (51) • Frsst and ll«li|«ii C40) fomii. 
-ale<3ttlai.c mM t© a dsfiait# g^mth p^oadtiag aetlvitf 
for fmts oct a 4i®t defioltat ia. fa-otet f and' cjaataliiiiig %Z 
pmjt ciaut ©f white Qmu» tn latej- st«di-©s (€1) wit& mom 
pxmift^d diets, aot soataintag it&it© ©©m, tbe-f f©m€ aie#-
tialo acli iseffsottv© aa€ timt th® rat m&f r&quiir« 
6mmthiug tliat is-present in wUtt® mm is ©Mer to uttXlm 
aiootiaie acid# 
Orystallla# faet» 1 (vitaata %) was isol&t^si bf 
'Lmpkmakf iBl% who fmmd th® cfystallin# vttaala eff«etive ia 
oufiag th® typieal fitaaia ig. i©fiei#a.ey In dosns ef ft'te to 
ten mis:p0gsaiis# I©.»esst@®j awd Btmemm (W) tsoXateft fitaaia 
Bg liyir©0tilorid« of a poteaey liailax to tfeat of Ii#pi0wkf*8 
pjodnot, Tlie #a^irieal tmmwXm of tb# ^Itaata ig liyiro-
obloxid© was fom€ t© l>© OgljilOgOl, a® sy-atliesls of vi,ta»ia 
Bs lae xmmtlf been aoeofiplishM fej Haryls and Folieirs (56) 
CSf). Tte ofc©ffli.oal iiaia© fOT Tltaiiia .Ig is 2-«©tfafl-'^liydTox|'~ 
4,,S-<li«Ch|'d2'0«y~a6thfi) pyridlae, Althot^b Isxipsr (fO) 
sep©ft#d COT® of tiss iS®fastitis tfpieai of ¥ltiiiia ig 
eEcy by th© f##€iag of fi.&vi&-5*-pls0iipli©rie aotd in daily 
doses of 50 to 150 oi-ey^gr^s., this mmp^mid is obvioiasly 
quit# diitlnet froffi Titaffiia Bg,, 
?fe« y#latiOB to«tw©sa titmsia % sM. the eaaentisl aneat-
fatty aoid hm bean st'iidiM by Mlmh C2)« H® fcmat 
ttet bat-fe of were eeii€i#ra®d ia tM pmrnrntiou 
©f rat dermatitie.j aad both wBm esteatial, alt&ougb is 
fr@#@acse Qt ateqmte esseatlal msmtursted fatty a.<3ld thm 
¥itasiiii Be ciefleieaef waif ausli sl&wmt ia 4w®l©pliig, Birafe 
suggtstei ttet vitsffiia plays a mlB ia tb@ atHlzatl^Q of 
fatty tcide by tli# body* 
fli@ chlefe aatldermstltis factor Ifiltrs'l© fset») has 
tjeea is©lat#S in Mghly pa^lfisd form hf ffeottty, falsaa% 
Mickeleoa, sai Ilvebjea (2.^5)« pufified vita-aia sbowed 
propertiei slallsr to those ©f pautotMwlo a&id, aoco^dlag 
to loollifyj Islsaiaii, aM IlT©b.j«a |144)» Jmkes (66) tested 
paatotbealo acli fot aotlvlty as the chick aatldermatitls 
facto? and fsuM it very effeetiva,. iMicatiag that this faetcij 
aM paatotheaic acid ara lieatieal., Fartial syntbcste of tlie 
chick antideraatitis fmtm has "btgrn aecoapllibei by to©ll@y, 
fals«a% aM Ilirehjeii (144)» ffaey fouM the vlt&mln appmmtlf 
tQ mmist 0f ia s»ii@ llskege witb an iiydroxy eeiA* 
Olesott,, Bird, Ilvelijea, and Hmrt 1109) bmvs mpGTted 
that a ^spectacltd ©y#" eoMltisn, whiak ietralops ia yste oa 
a 'ritaslQ B e©»pl-®x fr®« dtet plus vltaala Bx, aim-
tiala acid, aad vitamla is etired by f®®diBg crude ptepara-
tloas of the chick mtliemmtitlB factof, hut not by tbe more 
Mgiily purified eoao@atrst®s« fhereioTQ they haw s\jgg©stsd 
tb© extste^nee of a "sp«etsoled tye factor* distinet from tb# 
clilek antidejraiatltis factor*. SlaHafly tbey obaeryed tbat a 
pmalfBts Ett<i a lieiaorrliagio ooMltloa dg-velopeS in rats wben 
©nly fitaata Bi, fXavia,. »i©ottais acli, a»d erade oblck 
antld#^!mttti8 factor were &^pli%d s« th® soiixee of the 
vitasta B eemplsi;. Tmj vme atole to eiJse these coaditlcsiig 
hf £®0dlrig orudf vitsslii Bg but %h»f oould aot o«re 
tia@s« pattiQlogieal o©aditl0iig by fstcliag erystalllae vitasin 
Bg,# ffaese results l®d Olesea aad mwQtkBTB to belisfe ttet 
aatifoeaorrhaglo and 8M%ipn,t&lj%lQ fmtms €xist and w«re 
pr@seat la the mum vitastii Bg@l-aat©» fb#f that 
the posglbilitf had sot been ©llaliiat^d ©f •rttaala I, the fat-
soliibl© »jitih.©«o«rliagt0 .fa.otor, beiag lowltrM in tlie ouoe© of 
tlte 'mmowthmgiQ cdaiitloa. 
It is quits pTO'baol© that tli# aatiparalytie factor 
si®t@«t©d bi" Ol«s«ii sad eow©yk«rg (109) is Identical sit& 
Fitaaia B4# wbiak was origiasllF ^©port#d by R#at#r (llS) to 
a h©«.t- aM alkali-laMl® faetei' neee.assry fox growt.h aad 
the pxeveatloa of aasoMla? wmsknms in tb# rat. 
0*Bri©a (108) ©btaiasd results l@m4iag Ma to believ® that 
fitaaia B4 was »©a-©xist#at tJi4 tbat tlie d#floi@iiey iiMfQlvsd 
was aierely a atoeaie pbae# of vitamin Bx deftoieESf* Hswe^er, 
liixi#, llirabjta, aat H&ft |8S) aad Ii¥#ii3e» aJid. (25) 
coafii'med B@ad@]e*s resmlta "by shewing tt*at th® wltB-mlm B4 
«i@fiQi@a©y ©e-cury©d la tlie p^aseao© of ad#cimt# vitaala Bi» 
A water~S0lttble antiparalytlo faetor for th© ehlofe was 
r®P0Xt©d by Kmn&n bma omm''mTts C?3), fb&y believe this 
faetoaf to b« ld#titieal with vitaaia B4 and also lii®ntloal 
with the aiiti«iie©plisl©iiaiacla faetor ©f ?oppeiil»etBa»x sM, 
QmttBoh Cll05» lowev®?, Poppenlieliisjf aM Soettsch reported 
ctiptiig raitTltt©nsl esenphmlotialaela bf feeding ©lis as 
00tt0R»©#a oil, mm. ©tl, aaA p§aftmt ©11. fliat botb a wstsy-
soliibla aGtiparalrtic factor anA a fat SQltSil# aatlparalytl# 
fmtQT ©xlst Is liidlsst«4 by th# :r#st2lts of »M Babcosk 
(88). fhes@ iiWf#itlgfttors deooastrsted tfe@ exist@»«e of a 
water-solutol© anttparalytle factor for th# oMekea distlsot 
froffl vitamia Bij flavliijj nicotlnie acid, fitaaia aad th® 
chlofe aatldsmstttis faetoi'., f!i#f also fmmi efideao® for a 
fat-8ol^afel@ fadtor that l« effective ia tbe s«.fs# d«fieieney« 
Julc®f aad Bab0oek potmted out the 8i«ilarities betwea 
antl|>sralftl0 faetere and th« wat@r-'8©ittble oad fat-solubl# 
faeters wlilch hav# toeea fomid. toy Morgmlls anil eowarkers 1104) 
t© M ©ffeotlTe ia th® pitmBntX^m or els'# of atttrltiomsl 
aiisoiilar dystrophy ta th® rabbit aatf gulaea pig# 
fbere extsts, ia aAiltlsa to -vitmlm. »i, flavin, vitanln 
ig, ateotiaie aeldj, cfel^k antMeroatltis factor, aad ^Itaala 
B4, still aaetfeer faetor that Is momamj for tlie growth of 
ehieltefis aeoordlug to the fladiags df Stocfestad and Maaning 
{IBSK fills which they kave naaed *faetor !J*, was 
fomd td be relatively ti#at-stsble aad adsortoaMe on fuller*s 
eartli, 
iQblGSoa and e^iforters (lis) data ehoiidroltia sulfiaxte 
8.&%& to be a. growtli tesentlal fm tlm rat« IfoweTer, the 
relatloa of t&ts oeapomad to s«v#ral ©f tli® previously desertbed 
••SO*"-
fttaffitas was ast 
Helatiom of the fitaailiis of the B C-osplex to Sasyaes 
It has "bsea fomd that fitsaia Bi, aad nl©e-
tinle acid ow@, la part if mot eotiraly,, tlielr aotifity 
t© theif jr©les as p*eoai'S0;r8 ©f ©ss@atlal por-tldas of the 
%hsm Qmymm—oeemrboxflms©, wsrb«i'g»8 yellow retpiratory 
mzfrn, and coayaate. faarbiirf |134) sliow©*! tbat aiootiaio 
aeld was present la mzfmme, the mmfm QonmrmA in phmphQT-* 
ylatlaa and dghydrogeiistioa ©f fa#xose-"pho®pliat© aafi ©xldatioa 
of gimme to laetic aei€» lieotiaie aoid is the active part 
of the hydrogea tmaspertlug ommfm wMmln it fttnctloas 
by xmemihlf tsklag up qm& thm Imtng tm atoais^of bydrogta* 
fM yellow iptspiratory emzfmm ©f faJfburg flSi) Cl36) eontains 
riboflE¥lii as sa ®®seatial coapeaent m wm Tmm&lmA by 
Tbesrell (133)# f&e yellow mmftm rnmms to ©xidis® th® 
CGm.mfm& after tlie ooeaifii© feaa set@d m hf&mgBn acceptor 
in th# es'iapse of d,®liydi'og«amt4©a ©f li«xo«@«-aoaop.toosphat@ to. 
pluos.ptiolisxoale aeid» fb® yellow eagyae <jan then b© oxldlz#d 
to tbe sriglnal fe» by ataospbetio ©*fg#a» 
that eoearboxylase eoataias vit&ain as an essential 
pajrt was deaoastxated by totoann aad Shmster (9S), 0«flei®acy 
of vltaain 2?«g\iltg la oxidatioa of glueos®, 
Binm deeasboxylatieii of pymmio- aoid is feiadef^d aai pyruTle 
aold acouiaal&teg ta tli® brain tissue aad aexve®. 
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The posslMlitF that otM®r faetoyi of tli« vitaMa B 
e-ooplex night alse toe f©miiA la the ©ss-eatial oempomntB ©f 
thtee eatyoa 1©€ t© th© tmtimg of a4#aylle selA as 
a m&mm of growtli f hf frest flwlij®® C^), 
Alttougb tl»© r#siilt® ©MaiaM at first indioatM sieuflie 
aold to possess a vitaata lat«r woi-Ig by tbe sa»® 
iavestigatofs (41) fail®d t© substatttlate tlits. 
Tlie AistiPibutioii •wltmlu 1 and *ltaaia 0 aM, more 
reeeatly, the ilstflbutloii of the factor® of the 
vita-oln B eeaplex hsv® toeea tht obJ«etg of a la,rge mmhmT of 
studies, Foy the most part tb# dats ©n the «it®trlbuttoii of 
til® IMividml fmtom iM eeatt#r#d tbroii-giiomt t!i« atiffleroMS 
papers whloli h&ve b€#o publisls®# la the eoia't© ©f the diffex-ea-
ttatioii of tlisse fm%mm» T© ii.af» tb«se papef® w©iild he t©^ -
repeat »ost of those wMob feaire bees «©atl9a#t in th® sbOT® 
review of tbe lltexatmr® peietatatag t© th« diffeyantiattoa 
However, esi'tsln ipefeTOseeB^ ©f particalar Interest 
la eoiiaeotlon wltb the wort reported la this tli^sis will h® 
tasntioaed, OeapretataslTe tables sbewlag th© dlatrilsutioa 
of vltajtio Bi and fla¥la ajre.glTOH l)f Pixsaa aad Bosoo© (Sf) 
sad toy Flxsta (36).. dfoxgf C5B|;C53) aad Bireli, 0f6rgy, aad 
HsS'rls |S) liav® ©» the dlstiPltomtloii ©f vlta»ia 3^^ 
m hmB aXsb rr4 Irlagstad (M) mA aad lay 
(140), Jukts md ImpkQwnkf (SS) aod J*A@g Ct7) bmir# studied 
t&# distributton &t oiestiai© aotd, th® psllagm pFefentatli-© 
fsotof, Ella®, Bltt, Ilwbjta,, aat Ssrt fSi) hm^ 
o» ttie dlstyfbmtioii «f vltwla 14# 
Bl©l©gi©sl assar satbod® hav© to©@ii geaefally aeespte^ 
ae the most ualiatol# sm%m of iettmlniiig the eeat^nt ©f tl® 
Tltaaiias Qf the 1 eoaiplex la a f9#d aateftsl m blsldgical 
.pireparatton# fb@ rat lias been eoamoalf tis«t ms the test 
aniii®! 4a woTt &t this typ®, aad mm. ssployed ss th@ 
test aaiaals In tlie «jcptrt»«at® tepmte-^ in this pso#!-, flie 
rtfefeaees ^elow bav# b«.srlng m tbe teebniQn© aafi basal 
rati OB ii0@c!. In this wmk.^ 
It Is tmmBS&f to p^eteat th® rmts fmm fearing aaeese 
to tteit feoes if ae«tupate tatermatloa oa tie -ritaaia eonteat 
of the dl«t is desired, ffeis is- ehmtm hj ttm work of 
Btmnhmk aM Sell who fomd tbat th# recimlre-ffleot of 
ctf#al ,gral» as the Bom^e &t vitaain B for a given growth 
rate was oaly ©iie-«li&if as mmh whBm the rats ir«« allowed 
aceeas to tfeelir frnem m vhm thmf wmm plm®A &n fal»«^ 
80'r®«a l^otitoiis* T&@ itiportaae® ©f eopTa,piia^ ia pi-efeatiag 
tise develepiieat of vitaalu B defieitnei* tms also b@ea shown 
by the t/drk of KeaueAf eM (f4) mn& by Q-mrmat and 
Outeh.-er (47) aad ©tlieys, Bhemm aa<S Spobn (1§3) str@88 th® 
imp&Ttmm of pmw&uting mprmpbmgy ia rst» on vitaiaiii asssy 
diets, 
la o.f€®^ that a basml ratlin be snitsMt for testing 
»mterlals as e0*i3r0®s sMf vitmin &i tM B eonplei;, tbmt 
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rmtloa »«st la all the food es8#atlals 0x<i#ptittg 
the fip@0ifle vltaaio of tM B eoiaplax wi€©rgetiig assay ao4 it 
mast Is® fees of that speeiflo Yltaala. Meqmte sottfoe® of 
the esseatiil mmlm solts, esrbeliFtratss, eesBntial imsatOT-
sted fatty acii, tli# fat-eoiutol© Titaains, sM lalaerals mttftt 
be iuoluAed la tbe basal diet. l!la©rals are, of coiars#^ 
readily a.vsilable in a fora fr@# of fltaala eontaffiinatioii. 
The -oth&T ©saeatisl ingi-edieiits axe not so ©sally ofetalaei 
in t!i@ desired form* Gmelm hm heen gsaerglly e»pl0y«€ as 
the pyoteia to swpply the #sgsatlal sjiino acids ia 'ritaiai.ii 
B eoaple* deficient dletf. Since erii<i€, CQemetoisl casein 
is biglaly -coatamiaat©d witli f8..ctors of tbe wttBrnln B coapl#!, 
it is aeeessary t© i®!b©-v@ these before It can be ustd in th« 
basal di#t# Chiet: and l0seoe (IS) poiatM omt ttie aeoestity 
of ©afe.ful pmrifioa.tiQii ©f tii# oassia, r©eo«iieiidliig mstiing 
with dilute aeetie aslt ia water followed toy extTsotioa wltb 
a fflixtuxe ©f aleoh.©! s,aA water, Ii:tra0tion with 60 pBT e«at 
aleohol hm beea ©oployed fey Shersaii aM SpoM. (133), Sbermaa 
mm Ohase (IBI)^ sM Slieramii and Bo^qiiia (izq) for the 
ptnifieatiea of easetn# 
&OTa stiareh., dextria, aiid sucrdS® hav# 'beeii. used 
eoattofily in tliis oountirF as somms of tbe carMbyteste la 
TitEsla B mmplm i#fiei#ttt tv&m bm& tepko-vsky (33) 
and H©gaii and Bicbartsso (61} hav@ th© -use of 
s«ox«se, Moirgaa, Oook, md iaflsoa (103) feavt stMl#^ t'b® 
efftet of th® tfp® of eajbofeydrat# -m th# d®fiel#TCl#s of 
factors of the Bg (Q) mmplm and mpQTt tbat lact©®® &pmm 
fXavla and vitasin Bg, whereas c-jorastmreh spares factoy S» 
fhey found thmt sucros# bad a© spa^iag aetton for sny of tb# 
tliree fsotors and coaclaiiad that sttcsose is tfe© ©arbohydfat® 
of okotc# for the stMy ©f tbese factors, fbey belleTO that 
lactose faTors th# pspo-duction of flsTla aad vltaatu Bg hf 
bacteria, in tb© rat iRtestta©, wbtl« eemstarefe either earri®8 
wltb it QT favors tfe@ productisn of tb.« filtrate fa-etor ©alf« 
00(4 llvsr oil^ EE ®ffeeti¥# aM CQtmmnieut sonree of 
vitamin A &M ¥itsaiia D,. has "bteo siswn t© he qttite txm of 
vltaiiin 'by tii@ xa^ults of iiasy workers, Flavia ftni ¥lta« 
Biia Bg d@fi0l€nci®g feaf© been maiily predneM on diets o#a-
talnlag cod liver oil as a soure'# of the fat-solubl© ^itamlas 
by Gyorgy (49) 3, by larx-is (55)» % Ltpkofgky, Jtiles, mA 
Iraus® CB2)^ aM "b? several otii©r workers. Factor B d-eftcteBOf 
was readily prQduced hf hepkomlif aEfl c©worlc©y« (93) on a 
ratioa la whioii cod li¥er oil fuyalshgd th» fat-soluM© 
vitamins, 
SemTBl tomiMis of cqcS li-rer oil hmB Men fom€ by 
Tedious W0rlce:rs t© b@ d@ficis.iit in irit-awia 1« Rowe-rsy, lelsou,. 
Ohrljeefe, Jeraes,, aad faylor (10?) eonclustfely d@iioi!istmtis4 
tiist ©lie O'Od livQS oil fSquifeto) is a potent soixre# of fita-
aia I,- obtaiaiag reproductloa m&allj oa aa® per ceat ©f thi® 
o#d liver oil as th® son^s© sf tbig ifitaain, Sq-aibb 0.M liver 
•ggwt. 
oii mm iis«d ia the ©xptrlmeats reported- in tlils tbeels, 
fhM% thrm dreps (60 «g«) ©f cud #11 suffice to pssveat 
nor© than mild mfmptm.m ©f msatw.mt«4 fattj b.cIA dtfieiansf 
was .sliowa bf Bwrir aai Wmt wh© fottiid tliat with three 
teops Qf ood ll'rer all dally, si tli# sole source of tlie 
©gs«ntial ttasatti*at#d fattf add, rats BhmM omlf mm sealei 
oa the feet and were ctberwise hmlthf fm m p#rlo€ of a year* 
llaay ®«tli04s of aassf tm vitaala feav# "be#!! 
using rats as tlie experimental aaiaial. In most cases tite 
effeet of the test material upqm growth or upoa the cmf# -of 
p© If neurit It lias hmen ««@€ ss the of its vitaiaiii Bj_ 
coateat. The basal diet generally tis.s ooaslsted ©f a Tita»lii 
B coiflplei: free basal rati on to wMeh tbe leat^B table fi-aetloa 
has been adclei la the tmm of antoelsvei y#a»t, SItarsiaa and 
Sslth (1^2) a0X0ritjecl s r«tftod wmtbim was deterfEintd: tfe® 
soall@-st aaouat of test aaterlal that, when addsd to the 
fitaaiia B|_-fyee ratloa, sould maintain grmth in yoaag rats 
at a rate of tteee grams mt wmk for four to ©Iglit wests, 
fMs 8-Oomt of test oaterisl was sai€ to oontaio. one Ohas®--
SheTmm mtt. In the net hoi. of Oblofc aM losoo© Cl4) the 
xats were depleted of their ^ttaain re»erir«s by toeing k©j>t 
oa a Tltsraia %-f»e diet taatil' tftey oeasM t© gain in weight. 
TmUf toy the aiditioa ©f Aiftmmnt levels of th# test aat#rlai 
to th® fli®t, the aaowt was dsternined that wottld restor® 
gtmth at s rat# ©f ten to tQ-mtmm. grams pex rat p^T 
•®il8g 'Mmm tiits f»wS t# ®f«l, t» appro-act-
Bi'taily tw mlt«* Clt®) hat «itplo|«a m 
»#»©6 f» iritaBis %. msmy ©a tin mm «f ^IpiirwifclB 
i» fc«i©€® fm &mmj #f ^taala % fef iwitw of thm 
mttmct ©f tiii fc«»t M%©rlsi <m sfapfeowr Is pt-
l*w m»®€ hf (•S0)» 
®i© «l#©tar©«^tl'©gi«slil# ®8'tto€4|p irt3e»to tli» 
ti»r©as®- ia tM mie of Ixmrt i>«it 1« &« tl»- MBasw® <if 
«»offla% of "irlta»t.m 1*« hmmn €#wil.o|»# Urai^p, 
«»6 (Wllm ®iid la isl.fiSB®4 t# hm 
W0t amtla.tji# for tli® assay 
fHasin % in wrn^ puptlemM^lir fm i«pt€ 
©iafttioM aai ffer tli# «««iif ®f poor 0f t!» irt<aBal»» 
•|l0wev«rt. «eM a» towra t# stow 
fala® TOi«®s for tlii« -rt^wlB % fe@«iais# #f fct» 
ia »•%© is*^©»€ fef Ifels fteM» 
fb® liit«i»imtloi*il. ttidit: of w%Mmi.m % fli) is 4#fiae<i aft 
M% «et£vi^- of t»a aitllgWMi ^ tlx# liitawattim" 
®1 ataB^itM a4«wpfet« pro#i@t«* ©» inls«rp%ioiB 
^««teet «&« ii-f«pa*«€ fey th® « tup## kllogfmwi ©f 
fall®r«8 €tf fcte® wllsaala % fw« 10® kg# 
s»i©® p»liA «ifc@r «el4ifl®€ %© ^ €#5 with nulftorle a®i4# 
Sftlieflt© «#M to iai« ®^feis% ®f 0»S per ««at %© 
mtmv t© p*ew#n% tf««ii%»I«ll®».|,, 
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esnditloas stipilat#d. Other souroes of vitaiaia bat# "btea 
sffiplofftd by other wmkeTs-m Fttlles*® earth absorption prodiiets, 
slalla:? to the laternatloiml standard for vltania have 
hmxk coaaoBly used# A fuller*! m^th adsoieMt® from rioe 
polishing ©xtrsot, f:ra0tiOB SB, tlie psepsfsttoa ©f whieli ha® 
b©®n d0scj?tb#d by Ftastet* sji€ laleoB (35), wm eaploya4 by 
Fsastef (24) as s soure© of th® heat-laMIe fraotion for 
vitamin 0- aesay diets. This CQneemtsst© was used in some ©f 
tb« ^xperimeats ^eportad in this thesis, and a detailed 
deeerlptlQB ©f th© method of its preparatioa will b« givta 
in the subseQmeat st^tloa ©a *SQ«ire@s aai f»atii@at of tb© 
Materials Uted la the Ixp«riaeatt*» 
Assay for flavia mm emd.u0t#i fey Syofgy (§2) using s 
modifieatisia of the Borfuia-Sh^Maa mttHoi involvii^ tli® 
additioa to tb@ test diet of m flafl&-fx«« s«pplemeiitary 
substancsf (filtrate from flavia adsQ^ptiom of a yeast exttact)* 
Mdition of oae *3rst day doee" of flavin to tkis diet pifo-
diac@d a gala of 10 graat p@r rmt ptx wm®k for four weeks, 
Gyorgy reeoamendei tb® use of pvare orygtalllnt vitamin 
instsad of the arud© aloelaolio extract of whole wheat, ani 
in most of the recent work reported la the litera,tur®, 
crystalline vltaaila Bj has hmu eaployM. Imlas, Isiatiamd, 
laltscliialdt, Strebele, • and, Trisehmaiia (8?) o'btaiatd gipowth 
of 10 grams rat wetk with 10 aie^ograss of pure 
synthetio flavia as th,© goiiro© of that factor. 
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fhe method d«gorlbed fcy Bmh»T Cs) for tli# assay of 
*irit«4ja H" (i-itsnla S coapl#* aia«8 flavia) i® qvlte siffiilai" 
to th© B@ri|\iiii-StermB aetM#d im stsay of vitaaia (*• 
Booli®r guppltaeated tIa# basal vitaaia B ©©wpX#* d#fioi©at 
xatioa with erfstaliiaa vitaffiia % plus pwtm flavin* Bats 
BS €afs oli wex® depl«t«d m tMs diet mtil gxewtli e#ssad, 
wh®r®up©a the assay aaterial wm f«i-. fh® qmatity ©f Biater-
ial giving m gaia @f ttife® grans per i-at p«f w®®k fo3e a 
perioi ©f four weeks wm eeasiAe^et t# eoataAa on® mit of 
vitaaiu !• 
fitaata % assay as ©oaiuetet by Qyojegy (S2) ms fease€ 
©a tb@ eyoe# of th© speeifio typ® ©f dsreatitis 
wMoh fcad b««a psoduoed ia rata "by d@pl«tion om a vitmnia B 
complex-free x-ation plus flavia, the acrodyaia was described 
as a gfttaetrie&l d®raatitls of the p@ripli#ml parts of tli« 
body, til# paws, no®©, and ears, in which Mmllmm 
aad e^taa ©courred bat in wMeli alopecia was afes«ttt or mty 
slight. One «ait of vitaaia Bg was defined m tli# tainiratui 
Sally dos© of th® vitaaia a#e©8sary to oiar« this aorMynia, 
Gyorgy fomd tli® use of erystalline ©r lilgWLf purified 
¥itaffiia Bi ©setatial ia this assajt soat^inatlGii of tlie 
Boyfuia-Shsraaa wheat extraet with vitanin Bg wa-s oftsa »o 
great as to preireat m eur© tbe serodynia. 
and Weadt {88} feav® reported on tli« requireaents 
of til® rat for "Msrmia" itltsmiu Bg), Using a vitaain B 
oeaplex-free basal tli#t supplerttated with SO alcrogmws of 
vltsaiii 10 ffdcro-giraag ef flsvla, asA 0«5 si, ©f factor 
3 coQceatrate, wliich bad b»#ii freed of Ttta®lii Ig toy adsoyp-
tios with elsritej they fomi th« ©ptlMs dslly dosage of 
vltamtn Bg for the ewe of dariiatltis to ba ?.6 aicrogrmss, 
wMmm 10 mioi-ogxatas w@ir# mmmsBTf foT mtimvm growth. 
Dial ok and Sohr©f£ler (SO) stMiad tha ©ffact of rmiom 
levels of ®factor I* C^itaaia Bg), lata 31 days ©Id 
depleted oa a vitaola B oonplex-fyee fstien fo? twQ we®fes, 
then were gifen ta addition 35- mlGtogrmu of vltafflla aM 
^5 ffilerogi-atiia of flavin felly i'Qt aa^tber tw-wtek period 
after wbleb aa additional tally supplsaaeat of 0,5 al, of 
fsetor 3 wma giv©a» ftieu growtli cem^A mi d®riiatltts 
appeared, taxioias l©v#ia @f cxygtallln# Tita«iii Sg wer# 
added t© tb# dt@t. fhey fouad that 10 microgspaas of Titsmia 
Bg pjpoduotd l®ffi«idiste msmsptloti of •gy©*€b at a rate of 15 
graae per rat p@r w#@k for 40 days- aat eaased eosplete beal-
iiig of e¥en the «ost BBvewm eases of dermatltts wltMn 10 
asye*. 4 dally doee of 1#0 ffliorogrsa gsTS growth of 3.5 gfa.ae 
per rat per we#k and prodacM ©aly very slew healing ©f 
dexmatitis, fltb, a dally dose of 3,0 miOTOgmme growth of 
7mO grass per rst per week w&b pxodueed and healing of tlie 
dermatitis, alth^sughi les® than with 10 mlerftgraais, 
was miGh. more pr©aome@d th.aa with 1,0 alcregrao. 
-4i-
J*ik©8, and, (92;) fotmd that when rats-
were prOYided with only vitafflia Bj., fl&via, and factor 1 C%) 
as a sotiroe of th# vitaaia B oompl.©* gtmth of only ©a® to 
tw© gran® per w«sk was ©bt&iiisd, aai tke aaiiaal® diivelop®4 
swollSB eyelids mA watery mym» Tb© eyallds b©©ii»e stuek 
together aM tafiaamatioii of th« aos© wsb ofeserwci» flth th® 
addlttoii to tb® diet ©f 0»1 »!• of fmtm 3 ooaesntrat© the 
tymptoa® mm owred aad the gr»mtly iii©r®ase4 growth of 20 
graiBS p«r w®«k was protoe®A« These rssmltt iEdleated tfiat a 
rmt growth mmtm-i of asasy for fsetor 3 eouli b@ readily 
applied, the "filtrate fsotor* (oMek aatlderiaatltls': faetor) 
liss b@#ii aesayei ia amay foods toy J«kts aad l»epkov«ky (S9) 
aad hf ivk&B (Sf) msii^ tli# ewtm of ohiokea dtraatltls as the 
basla for meaewreaeat,. 
Qmwth. faetor f was t#st«4 for ia mrloui aaterials by 
iristm of tbe growth It prodttoed ia rats when added to a 
vlt«iB B eorapl®:^ iefloieat r&tioa smppleaented wltb souress 
of vitamin vitaitia B4|^ vitaaia Ig, mad flavin la tb® 
stMies rep®rt®d by llwfejeii, losha, and Ol®soa (39) bM. by 
Frost aad Ilwhjea C^)C4l)., 
kltMugh vitmin B4 was flrit detsoted at m fsotor 
esg®atial for weight Mlateaaao® sM tli© prevaatioa of iius* 
emlar weakness l» tbe rat, and *ss tasted for iE that eepaoity 
by Rea4#r (112)., later distrlbwtioa studies sucti m those of 
Hint,, Bird, llvtlijea^ lart (81) bav# to«ea Msad oa tfci# 
«»4S-
prsveatioE or cure of ofelct paraljsis by this factor. 
Ileottal0 mold, tb© pellagm pmmutim faetor, has lb®«n 
assayed "by use of its prewatlT© or ouratlv# action oa caain® 
blacM-toague. Is bas tstea iieattoaei previomsly, tli© require­
ment of the Tat fm this factor bas mt Tmen definitely estal>« 
llslied, altho'ogli tber@ Is ooaslde^rabl© evidence to indioat© 
that nicotinic ael<i is ©sseatlil for th# growth asd well-belBg 
of tha rat, a,M that if sources of ttie other necessary fact ©re, 
fr©8 of Bicotinio acid, were provided It wmld be possible to 
d©teriai»e tli© nicotinic acid ooiiteat of a riaterlal hy o®ans 
of Its growth effeot oa ra.ts» 
fbe growth factor *IJ* of Stocistai and Ilaaaing (129) has 
aot yet fe@@a efeowK aeoessarF for the mt» Assay for this 
factor has tfeus far been restricted to tlie use of tlie oMsten 
as the erperlmentml animal* 
mfmmma 
is mm &is@riP«Bt® 
0«»»ija wi# «#©€ as « 8«iNB» ®f fTOtota im te# ®:^ria®Bts 
la thia pt^r# ©«»©!% @b1«taM trm Wm 
Wtlk«fMi-tea«r«®a C«tpii^ @f @ii©«®a|p w«« pa4fi®i %• 
for M wltfe wtltep O#I0 !«• ©«ttt 0f ««5i€ 
«iii ^©««stiii^ •iiiilf# Sil® pp^»t|f, drf.iBa at was w@®^ 
in %fecsi« ©jc^riwssts wiiftiei i« iip*»ifl®a.* F» 
o^e3p -©xf^rlwats tli# waslMt# mmim mm tm&Lmp |mrifl«€ % 
«tg»ettiG® 1» m timMwous #xfewi«tor- .iQ psi* @®at hj 
w&twm^ «l®#hol fey day*#. Wm mmmim 
wms «t ana wfts ©sAS.®# sleofe#! #irtf«fet®d wmsimM 
emmmMrn Si® «3.e&li©Ile ®xfc»e% ^ytlow 
0f ««sl»d ws •iill©w#d to stttssi tm Wbm rn'M^rmt^r i^v 
tea ««j»l %h®» it wi» ©uaiciitwiftftt t» mmm %@ ICW 
inM agttta Fif%* gwta# of ©riHSi 
CC«w») •w#!*® »mma t© %lie slE^fe»i wm» midft&a 
rnb^mmimli^ f©p 1^ lioa'i«« fl» fuller*# mw^ w^m 
filfe«r@€ ®ff,p. wt^ tS Am ©f diji tilled mi'^X'^ a ad 
f©i» ®ii# pfoAiet wa» eallwft «%teae% 
""¥ oi» pw- #eiifc wt^-l «l«Aol F@f«r %® 
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ta soffl# of th& ©xp-erimtats# 
A-gtoclaved Ymst 
Diisd ytast was .moistened to a thtok paete with, distilled 
wat@r# IMe paste, spread in oae-lriob l&yars la granite pans, 
was sutoalaired fo^ five hqwes at 15 pounds piessure sind th©a 
drlea# Autoolaired yemst was maeci to supply the Titaain, G 
omiplm ia oertala exfimlm&ts^ 
Bmtterf&t 
doling® bttttear was Mslted %t a low t#oi>®3?atai'® ta fou^-
litsi' feesk«xs.# The mieir aad oiard s^ttltd to %h& toottaia an4 
the supernatant fat -»as ttoemgh. a soft filter pa.p©3r 
ia a i9t-wst@r f«aael» was used as a somob of 
vltaaia k ia B^m of th# expeyinents. 
Oo4 hi'wm. Oil 
iquibto's sod livex oil wm used as a eo'urce of fat-
solubl# ¥lt8-»ins A, 0, aad 1. 
41falf& leal 
41falfa laeal was pttrehased ©a th& lo©al market tm «b© 
in tli«se experiments» fhm alfalfa «@al,f a prMiict of th@ 
mm^T Alfalfa llilliog aa€ Pir©d*iet8 Coi^aaf of I»aMax, Oolo-
tbAq, soli mdar tl.« lab«l "13 p®r memt f:rlple III Alfalfa 
Meal", m& wm t© ««>iits.iii aot less than 13.0 per 
C0Bt fwoteia# 
-46-
feilQg Com .and HiiilM Oats 
QtmmA f®lXm mm m& gjomat bmlltd isats wm& porobased 
©a the l©eal 
White Qom 
lowa-prowa whit® ©f tli« Msa,ima ftilte vsrietf 
was ©bt-aittsd ttooygli tiia oomt&Bf of the Agroaoay Departaent 
at I@wa State Gollegs, 
Steek H&tiam 
Tli® BtQek ratlea f«4 to the toir®©Aliif tssloay fmm wMeh 
foiittg 'rats wme takea f©r ttoss® ®xp®rla#at8 o©ataia®<i th® 
follcwiag liig^Mitat® »asur«4 in p&wts toy vol\a®i gmm& 
fBllm CQxa, f0ui" parts# -gfQmd fewlleil oats, four parts* 
grsimi whiol® wiieat, 0a# pmti alfalfa ii©.al, 0m part; tajikage, 
oas'-half p«ft» linse«i laeal, oa©-te3.f pmti aM butterailk 
powd@r, part, for mmj 100 Ites# Qf ration tli«r@ 
w@r@ i^so a.4d©d 0,3S lb* ©f hmm aeh ant 0»5 lb* of soditj® 
cliloriti®. fh# iagredisats mm^ pmoimm^ ©a thB local aartet 
and tfae gt©ok ratioa for the brtedlng eoloay was aixed thre® 
tian88 jjer waek. 
ffa# ri0# pelisMag® wer# p^rsb&sed from the Arkansas 
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3, Orwi# oaae ot Maokst-irap iiolasses fnxnisiied by tte 
Quaker Oats Oo-mpaay, OlitcagOi, Illla^ts, 
4, Or-aie Hawsiiaa eaii# ©r tol&Gkttsip solatses f'oraieliM 
"by tlie Oahu Sugar Cospany, faipshtt T©:rfltorf ©f Hawaii* 
lieottnlg Ac-td. 
lieotiale seid wag pttrelias#€ frm tbe lastaaa IMak 
Qomprnj of lew fmk» 
Gyyetalllne fitaiata Bi ^Hydroofaleylde 
Syntlietlo ciystalliiie vltaaln (tblaMla) hydrocjMLorld® 
was obtained from lerek and Qm&pmf of Babw&y^ lew Jersey, 
Sills 
totooo I*aet©fla¥iii—F4 gf'afit, tebco LaetoflftvtB'—3® 
graii®., aM Imhe-Q Lsotoflsvla—fl gra.i® w»m obtained from th@ 
Boidsa Odttpaay, Rssesrel Balateidg#, lew Yerfc, fb@ 
FA gira4e was a ©artli adsorbat® desexibed as eoatalning 
0ompsritiv«ly small pf©porticos of tb# factors of the vitamin 
B ooimpl®E otber thaa flavia, Tfa© BlI graft# was gttarsat©td t© 
fee totally frs® fyoa t!i@ eiitltlea of t!i« Yltasia B om^Xmx 
othesf tbaa flavta* hsMm Laetoflavia—*PI ^ sde was gmyaiit®#d 
to tee pure crystallta® ls0teflwl»; this product ms pwrsliaiwd 
la the &SJ ©rystalliae foM« 
Fiollei'^g tmsth 
Wnlles*8 sartb {Oeno©} wmM ©btalaM fmm the Geatsal 
Soleatific OoopaBf, Qlsleago, Illinois* 
laglisli ftiller'B earth was obtsiaed from the Simtr and 
AmeM Coiapaay of I«w fork, I,¥, 
iQrlte 
iorlte "l" (d©0Qloriiii%' oaxboa) was pmQhm&d fvm tb@ 
Pfanstielil Oheaical Oompanf, fs»l£agMi, IliiaQls. 
Preparatioas froa Bi©© Foltshings 
yyaetioas 8B Cvita»ia Bi &€80gbate) aM M Cfiltrnt#) 
fitsfflia sasorfcate was prepared fro« rice pelisMngs 
aeoo:rcling to ¥mBtm tiid lelgaii*® (36) iittbod fox tli« pirepsr-
atioii of fsaetiott iB» Foior kiiogrsaa of rice polishings 
were plaoed in s %w®l*rs-ll"ler batterf Jas with ten liters of 
9? pm eent alcoli©! eeataialBg SO «1« of glacial &o«tie aoid. 
fh# ffllxtuse wm stlr'jred latsmittestly durl-ng the i.a.y aad, 
after settling met night, the enperaatant slcoliollo extract 
was eiptooed into a, saeoM hmttmy Jar coatainiag four fcilo-
grmm of rie® p©llstiiags» Fr@®to 97 p«r eent sleolol contain--
lag S«0 ml, ef a©®tie aeid ptie liter was again added t© the 
first Jar to giv® th® erlgiaal voltis© aai the eontents of 
bet! Jafe were stiireii duriog thm day* After settling ovm 
night, th& supernatant liquid fron Jar tw© was 
Blptmmd into a tbiM Jar eeataiaii^ fsuip Icilogtaias of rim 
pollsbiiigs, th® superaatsnt lli3iatd from Jar «tiab@i' on® was 
giptoaei. lato tws and freeti aleoliol coRtataiag 
S»0 nl, Qt amtiG ael4 psf- litex was &.M©4 to Jay aambas ©»©• 
This p^ootdur© was rep#at#«i eace «or@, iatrMtieing a fouiPtBt 
Jar of rlea poligMags. Oa tM flftb day tbt extxaet f^o® 
tto,® fourth Jar was »epsrat»d fmm the rie# p©lislilags by 
slpiioaiag and filtering, fMs extmet was coacantyated In 
factto as Is deserlM^ b©l®w» fti# ©xtfaet fmm m.mh®T 
tlireg was t£aasf«faf#d t© a fifth coatalniBg torn kilograms 
of riot pollsMngs, the extfaet from Jat nambtr two was plao#<l 
in Jaf au«Mf fmsh aetdmlated aleobol was addM to Jaf 
nmsljer two3, aiiii tbe extrset froia aumto^r one was siphQmd 
&nA flltsfad off to h& pX^mA la J as* amnber three* fb® 
]r@st4»« frsifi J&3r nw&hm mm wMob 'had now hB&n ext3e3.oted wltb 
fOTjy portions of alsoli©! was diseaxdsd aiid tli® nmbej" of eaeli 
Jar la the series was &ec©rdlnglf fedueed toy oae* fb© abOT® 
proc«dnr@ of the fifth day was rep©at@i dally* Saeli day tlie 
©xtrmet from tti© fourth Ja? was oonceatrated la Fsotto (using 
a water pump) to a wolwrn of approxlaately 700 «!• Tli© 
teaperatijif© daiiag VM coaoeatjeatlQii did act exceed 50® 0* 
Oa@ liter of distilled water was added to %lm aonoeiitirate 
and tM wolnme was again red-aead to 700 al* fat g@parat®d 
at this point and was reiioTed la a separatory funnel. To 
the a^i3®!#«e Isf©? wm oMAeA 20 per csnt lead acetats mtil 
maxliflm pr@Qlpltatl«ii oeourr#i,» Aft©]e ©tandlag six homrs, 
th© preelpitata was filtefed off aaiS waefeed wltb 100 al, ©f 
-SI-
distilled »a.ter« ftm flltmt# was t»at«d with 20 par o«iit 
smlfiirio aeld to preclpltats lead as smlfst®# After 
fllt-#rlng off the leaS sulfate, tM flltyat# was adjusted to 
pi 4,0 td 4»5 and 75 gmms af &mtth (O^ugq) were 
a-dd#d. If .neeessaryj the acidity wa« fftsdjustsd to pH 4,»0 
to 4«5, Aft&s stirflag tbe laixtur® for thm€ hmms .mmhsM^ 
ioally, tht fuller*® ®ajrtli was raaowd by filtration aM the 
filtrate again adjusted to pH 4,0 to 4,3, fweatf grams ©f 
fuller•s earth (Ceiic©) wmm then stirmd for three teoxurs witli 
the flltyate, reaoved by filtration, a,Ed o:o«t)lii»d with the 
f i s s t  ? 5  g r a m  p o r t i o n  © f  f i i l l e f * s  e a r t l i *  f t m  f u l l e r e a r t h  
adsorbates were sir-dried and th«a axied In a. Tacuum 
desiooator over mloinm oblorlde, ffe# dried fuller's eartb 
adsorbates, thomvigblf pulveTimd sad «lx#d, »©rt fed as 
8i ooaeeatrst# fraction SB* One gram of fraetlea 8B was 
©qulvaleat to 40 gruia of rice pollsblags. The flltrat# 
froii the fuller *3 ©arth aiaarptloa tiad s Tolya© of 777 ail. 
aM w»M sailed fraetloa SA«, One graa of fraction 5A was 
equivalent to 5.15 grans of riee polislting-e, 
Fragtloa. 80 {elmte fmm vltaaiii Bi Msor'faat®) 
An elmte was prepared, fmm fra^otloa 81 by suspdadliig 
3S,6 grams of fraetioa SB in a mixture of 60 Ril» of pyrldtae, 
60 ffil« of aethyl alootiol, aad 340 ml, of distilled water, 
aad ttlrriag the suspeaslOiQ for two hours. After filtering 
©ff tii® fiillar*® tajeth mM. msbiag It with fO al. ®f 50 
pmt m&t the c.<jiiteta«<I ftlmate aM wasfeiugg 
wBm c«i5.©#atr&lei. In wmm to a of 30 ml, tt tMg 
iO ffll. ©f SO- p» e«ftt mlmhQl wem and the volw® 
of the aelmtiea wm t© absut 6.S al, Tii-« ©©aeentra-
ti©ii flBMk was mmMed out witb mtffteleiit feet aigtl1.1«d wat«s 
td tetag th© of tli® esufeiiiii-a eea©#nt»t« aM wssbliigs 
t© 3.0 ai, thte aoaeftati'sted ©teste wae ©allisi fgsettoa 80> 
an«t ©ae of ffaeti^n 88 was t^-aifaleat t© 134 grsas 
©f rle© pelisMag#, 
fgaotloii SB Cfet#mt@A elmt® iitm yitaaia 8-^, aisoxlsatg) 
Fsaetio-n 80, the elmt® imm fraetloa 81, 
wm with 10 pts cent a©tttt» hydTOxii® t# glvm s 
©f WmO* f®!" a 10 al-. tiO-ftioa ©f tto 0©ae®att-at®, oa® ml, 
©f th® -10 jpear 0®»t totiaa ifix@JcW.s was TOouir#^ t-o- glir« tiie 
desii-ed alkallaitf, fh@ pi ©f th@ solutiea was 4#t#rsiB®€ bf 
t@stt»g wtth pap®if lap£«gaat©cl with pli©a@lfbtlmXst.a and als© 
tof testing wttli thya®! himm pmpm* fim ftlkaila# s©luti«ja 
wms faaated ia a t#st tufc# wfeleh ms. plwgg®4 witli ?sottoa ami 
1» a fe-Qlliag wat6^ teatfe fe? a pexi©# ©-f feur tiouxs* 
Tb® vdliia® of the sslutisa sliowsdl aa appreoiablt ehaag# 
fiarlag tlie tteattog* fii# to®at#4 -toltttisii wa« fgaetlQa 81, 
On© ailUXiter ©f SB was t© 134 gSMS 
?lo®- p^lishlmgrnm 
fmCitiQa 81 (i:ggadlatg4 vltaata li; 
Fraetlon, 81, tii# eatth adsort^e.te ©f t-ltaain Bj 
from rice pollsMags #xtmet, wms tftoreuglily ^#growM in s 
nontax t-o lasure a fin# sts-te of s-abdlvlelom. Tbe fin© poM« 
was then irradiated bf tb.e aetliod. of Ho-gan aiii Hmter (Sg)» 
ftie powder was spMad e-wmlj ia a 0.,S ra®^» thiok layer oa a 
tS % SO 0rri. glass plate and plseM dlreelly below a ouarti 
rierc-uory axe st a. dlstaaea ©f B5 cau Irmdiation was conduot®4 
for 10 hours; tbe aateylal was ti.srQuglily aixM sat leyelei 
off at two hoi» taiervals. The teatperattt^e of t!ie mterial 
tiEcleirgelag irseadiation was belo* 40® 0,# -mt all tliaes, fh© 
irradiated sABOthBtQ was <sall@4 fraotiQa 81, Oae gsm ©f 
fsmotida 81 wa® «i|tilval@at to 40 grans of rtca polieMags. 
Tm quart! memmj bxq uiM was ©btaintd fmrn the lanovia 
OtieiiiQal and lfg» Oompaaj, Itwaxfe, I, J, the laap was erfuipped 
with a special ti-ansfors©? and operated oa a 230 wsttj 60 
eycle llae, fim smpeif©s» 
ffastioatg SB #lmte) -bM. iC ffaetasr § 
fM filti-at®, frs©tl;0» SA,. f3!0s tb# prepsrstloa of 
Titaaia Bj. adso^bate, 8Bj was taed m the startiag-
material for %it& prspafatioa ef fra.etioii8 representing vitaaia 
Bg facto? 2, ImajJjped aillilltei'S of fyaotitsa 
SA, Mprssftatiag 18 feilogjasis ©f Tim p©lisiitags, mm 
netitfall 264 aad ooaceatyattd in rmm to 1200 al, Msorptioa 
«S4« 
to remove flavin wms earridd out hj stirring the solution fm 
one houT wltli ?5:gfMas of Snglish fulXeE*g eartb and filtering* 
flj.© sflsorbate was cils-eaxdsd^ The filtrate was acidified to 
Ooiig© red bf sMltidn of 20 psr mn% sulfmrie acid and was 
stirred for two hows with 200 gm»» of lagHfh ftill«r*E 
eiirth to adsorb vitaiain Bg. fhe iiixtwe was filtered 
both tlie adsortste aM filtrat® were safed; tli# adsorfcats 
w&M used for the prepayt%ti-ori of ¥ltaaiR Bg eluatSj and tlie 
filtrate was for the praparatloE of factGi- 2 oone-eatrat®# 
Attes the adsortoat# had bmn iraBhad with BOO ml. of distilled 
water and the irasliiags E-dded to th# flltratej, the adsortata 
was euspeaded in mm liter of 0«1 aolar iiydrsxid© msA 
stirred for W minutes to elute tlie vitaaia Bg, Tbe eluat© 
was filtered off and m-utr&lizmd with 10 per cent sulfuric 
acid. The f'alle2'*s earth was tr#ate.i with a second om litm 
portion of 0.1 fflolax bartiia liyiroxid#, stirred fox 30 oiuutes, 
sM filts-red. This geeond eluate was aeatralisad with 10 
p#r eeint sulfmrle aeid aai eoaMaed with the first eluate. 
After staBdic,g omx aigbt the solution was f:re@.d of Barium 
sttlfat® fcy filtxatian and tii@a was coneeatrated in vmm to 
220 ml. This coiic©atr8t®=d el*aate was known as fraetloa SB, 
and oa@ milliliter of this wm ©quimleat to 81#8 grams of 
rise polisbiage* 
The filtrate froia th€ adsorptioa of ^itsmin Bg was 
aaotfe-sr 200 gras portloa ©f lagliab fuller*a 
'55-
©artfe, eti3fr©<i for two and this adsorbat® 
was difioafd®^, f lm filtrat# was oeutraltged with BO per eent 
sodima hydr©3Eid6 mnA wme . im vmm to Z4jO ml. 
fht eoae@iitxat#d fiXti-at® was d®al§iia.t«d a« fgaetlop Sg« 
Om allltliter of frmetioa B0 was #c|Mival#iit to 53 grams of 
rle« pollsbtags, 
I'gaotloa SB CreadsotfeM am& Br eoao.eiitrat&) 
fh® starting iiateri&l foi? tlila pfepasatiQa Qf fraction 
50 was fraction 54, %he filtrat® frea th# preparation of 
vitaaln ^adsorbat©, ftaotlea SB,j> from rlo# p^Xlsliings, A 
2330 nl, pQTtiQu of fmetioa SA, repre teat leg 13 kilograos 
of'"rice polisMags, w&m mutmltmd with 20 p&x e©at sodium 
iiydxoxiie, tbsa was aad© slig&tli' aeid t© litmus witb 10 per 
cent waXtmiQ a©ld, aad was ©©actatxatao. in vaeu© to a volttm® 
of 1500 al« two liaMred graias ©f fagllsli fid.l«r's ©artli were 
suspended in the solatioii aad tbe aixtiir® waf sutojecttd t® 
at«0haiiiO'al stirring fer on® hoiar, foliewd bf filtrstioa, Th© 
fuller*s asrtli adsorbate was washed, with. 100 ml,, of dlstillM • 
water, aad tbis mshiiig was discarded along ifith tb# filtrst®. 
Til# adsorlD-ate was then waglied wltb a SOO al, portion of 
distilled water^ aad tli« 500 nl. portiea of washings were 
coffitoineia. later witfi tU® vits®ia Bn' ©luate. fitamia Ig was 
©luted from the a€g©rbste by suspending the material In on# 
iit#r of 0*1 solar hmlnm lifdroxld#, stirriag for ^ siBtites, 
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•sM filtering, fti® 500 al, porttea of msbings referred to 
ateova was now eoabiaed with the clear vitamin Bg eluate, and 
the excess bexlwa hjAmxiAe in the solution prselpttated by 
sxtditloii of 10 per cent sulfiirio aeici« The extracted fuller's 
earth was smepended ia a seceiid oa© liter portl©ii of 0*1 aolat 
ba^ltta hydroxide and stirred fm 30 aliiiites, Aftmx filtra-
tl©n, this seeond @lmte was asutralizsA with 10 p@t mnt 
mfliirio acid. The ooiabinsd fii-st aad a#eoM eluate® were 
aoidlflM to Ooiigu mA by sdditios of 10 per ©eat sulftuic 
aoid; thea 200 gra«s ©f laglisfe fmller's earth wm& added aM 
tb© iflixt'oj'e was stixred for ©ae Uom to resdtorb vitaiala Bg, 
After filtering aiid disoarcllng ttis clsar filtrate., the 
adsortoate was washed with 500 ml» of AlatillM water, the wash­
ings ^eiag saved. The .adso^fe-att was then siispeMsct in am 
liter ©f 0.»1 molar h&ttmm h^dyoxidSj stirrtd om hour and 
filtered, fhe ol@ay filtextd @lm.%e was ooabiaed with tli© 
SOO ml, of s,dsoi'bat# waaliiiigs and the solutioa neutralized with 
10 psy ©©at smlfttrio aeid^. e.xtraotM fuller*s emth was 
treated witb a 8^mm€ o»® litax poxtioa of 0,1 molsx toariua 
liFdi'oxide, stirred for one bd'a:p, ajid ftltef.@d» fhis secoad 
elmta was neutralized with 10 pQT ceat eulfurio acid and 
cOKibiiitd witb tlie first elmte. After staadiag omx nigfet 
the soltttioa was fr@#d of bsj-iwii sulfate by filtiration and. 
tM elms filtrate e©ae#atrated ia vae-ao to 110 ml# fhis 
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t© 100 ml# Precipitates fonasft daring the coneeatrstloa w®x® 
reaovM, and the concentrate was thta dtleA on Aaxtsiii so that 
one gram of tii© product was aQuivaleat to 4.5 gran® @f whey 
p®wd©:r# this prodmet was desigaated ss fraotiom 1B« 
Fg-aottdE# 2k Iflafla aad SB Cfilt^atel 
A S,25 kllsgsa® pmtlQm ©f irlai wMf pmAmt was extxact-
ei Mtiiag ZQ aiamtaa, with fiv® littrs ©f 60 p©ip ceat ©thyl 
aloohoi, cbllling mmt niglit tn th# fefi'igeratof.,, and filter­
ing, Oancentmtei lifdreclilo^fici acid »as aiiftt to the extract 
to »a&t it fbtf sliglitlf acid to Congo r©€ p&pm aai tbea an 
adiitioaal 80 el, ©f hfATmhlmiQ aeit were added,, fo adsorb 
la.etofla¥iB 100 gi'sas of fallen's ©srtfe |0©a©o) wmm suspeaded 
in tbe solution, &uA the ttixtiire was stl«#d fm Qm hml•s^^ 
Afteif staa4i»g ©Tey aigbt th# fiillex'e @m%h wm filtered off 
aad wmhsd witb SOO ol.. ©f 60 p@f mm% ethyl alseb.©!, fh© 
toied fiilltr*s ©artb sds«^ljate was- eaXl#d tsmtlen iA. ©a® 
grsB of sMeh was squiiraleiit te SS:,S gsan® of wbey p©wd«r* 
fbe eoaibiaed filtrate aM washiiige froa the fuLll#r*s saJ'th 
ads©rptioa were aeiitraliied with 40 pm ©«Et sddiua hydroxid® 
aiiA w&TB c©acentmted in mctio to stoomt two litexs at wliieh 
paint s®3ri0\is foaaiiag oaA® it mmmsmtf to tialt tfc© eoneea-
trstioa. A eoasideralils qmnttty of th.© solids ia the ©xtraot 
mxB timn pfseipttated by the additiea of feur voluiies of 
ethyl aleahel, tout faaslag again pr#v#ate4 fi»tli©r eorioeatra-
"tlea ia vseuo aftef tli® "rolmse had tosea mdurn^ to al>out on# 
The solutlea wm tbtii. placed ia & la.fg© crystsllizlng 
disb on a steaji radlat©f m.A exposed to an ©lectrle fan mtll 
tfa© irol«M bai he&n rsdmeed to SOO The pteolpltat® that 
fofmed dOTlng the s^aoentsatto-a was filtered off and dlsea^ded. 
After ©Qatlottiag tlie ©oaeeatiatloa t© atjoiit 100 «!., tb® 
c.®iie®Qt3eat® was sgsla flltei-eA aad tte flltratt .oad© iip t© 
100 ffil. tJaiag thyiadl blue paper and pb^iiolpiitlialelii paper 
as iadloatofs th» filtrate was acijustsd to pH 9*0 hf th® 
afiditloa of 40 per otat sodU.m bydfoxld© solmtlon* ?h® alka-
llaa solutloa wm attt©elsv@d tow five lioyrs at 130® 0. Tfels 
alkaline amtoclaved flltrat® ooacentfate was called fraetlon BS. 
Om sillilitai' of f3*E©ti©n 2B was taulvaleat ts 33,5 gfams of 
wbef powder. 
FmstiOB® M (flavia a^goi-bste). sad 3B tflltrat©)« 
k .2»25 kll^gfsffi port!©a of ciziad whey pmi&x wmm extraet-
©i by "bolll^ag 30 mia-tttes wlt!i flv© liters of 60 per c«iit ethyl 
alcohol, cMlliag qvqt aiglit ia tbe fefrigei-ator, sad filtering. 
To the extract w®m added 60 ail, ©f Qono#Gt?ated feydrodiloris 
acid, giving a distinct aeldity to Oongo red pap©?* Laeto-
flavia was adsoirbe^ by stirring tli@ solutioa for one hour with 
100 graas ©f laglisfe fuller's ©artli. After tbe fuller*8 «artlj 
was filtered off it was wasli®<l witli 3C® isl» of 60 per cent 
etiiyl alcobol, TMs fuller*# @&sth adsoirljat# was dried aM 
m fractloa ^k. om gmm. b#i»g ©qmi-raleat to 23.5 grass 
-io-
of whBj The omMaM tiltmte aM msblngs, after 
aeiatmliaatiea with 40 pei aent sodltm hydTmidm solution 
and aeldtficiatiQa t© lltsus wltti hydroa&lorie aoid, was oon-
osRtrated la vsetto t© 1X50 al. la ©rder t© mafee fijcrtliey 
coa^eatratlon p0Ssible, it was ilea aeeessary to re®O¥0 much 
©f the soli€s« This was tei© bf acidlag slowly, wltti stirring 
and shaking, 9? pes m&t ©ttifl aloah^l to .give a final cO'ii~ 
osntiratioB ©f 84 p#r oeat &lmhol* Attm staatlag ow&r might 
the solutioa was tx-m tli@ prs-eipitate by deeanttog 
$Md fllterli-ig,. the flltfst® was tb«ii Qmoentmied In vacuo 
to ab©«t 300 ffil» aai thm solids that fead separated out dwoplng 
tlie ooaeeatratioii war® filtered ef£« flie fllti-ate, whioli was 
sailed fgaotiott ,3B« rep£®i#nt©4 ?«§ grans of wtief powder per 
ailltltter* 
F»etiQB SO Cfi&yjii eltmte) 
The starting oaterial for tb# pTCpaxi,tiott of the flafla 
eluat® was the flavin a.iso.ftsate, fraetlon SA^. the prepafatlow 
of ifhich has t>een described* Slutioa af th# flaTta frem 100 
gT&ms of ftactloo SA^ represeattng 2.»25 fellograms of whey 
l>owder, was aec9i8plls.li«i. "by amspaadlng the pulverlmd adeor-
bat@ la a lulxture of 400 bi1, of pyridine, 400 al, of aetbyl 
alcohol, aad 1600 ol, sf cilstllled water, asd stirring meclisa-
Ically foi two hours. After flltratloa tb@ ?«fsldual fuller's 
earth was washed with on® liter of 50 pet mat methyl alcohol, 
fM mmhimd elmt# a»d waahlngs wsre ooaeeatrateii In tactio. 
Odaaidexable foaisiag ocsixrred so tiia.t mumntTmtiom of tlie 
seiHtioa was lupessible mtll 5.»0 al# of glacial aoetlo mi& 
were adde-i; therettpQa foaaiag ceased aM the eoiioefitratloR 
mm ©asily coaplel^d t© s ¥oliio@ oi 3? al, fh# precipitated 
iiaptijcltigs we?e teas-red hf flltratloa mA waelied with sufflci-
eat distilled water 13 »1») to telag th# "rolwiie of tli@ 
coffitoiaed flit rat© and wastiiagg to 50 al, fhig ooaceati'at©^ 
flsvltt eluat© was ©allefi fgactlon gg, Om gsm ef frsetloa 30 
was #«3uifal©»t t© 45 grams of sliejr powder* 
yaraetioag 30 (jfe elaatg) mA 31 ifmtm 2 mmeRtmM) 
The ftlts&tm e0iieentr»,t@, tTmtlm 3B, froia wb©y pm^et 
was used as th© stmrtlag iiateflal foi- th# preparation of 
fractions 3D sjid 31# Ttoee hulked fflllliliters of fra.etloa 
3B, sepresentlag 3,25 kilogs-aits of wlmf wtre diluted 
to 800 ml. and aoldlfiet to Soago ys4 wltb 30 p®f ©©at sulfurl© 
mldrn fbe solution »a® stlrieM for one b0iir with 100 grs»s ©f 
fullmT*"s ea:rtli C^agllsb)# filtered, and th® flltrst© wmm stlireS 
tm one hour with mmthm 100 gma portion of Ingllsb full®r*8 
©a^th. Tlx# filtrate fTQa the last adseriJtlom wm lieutrallBed 
with 40 per cent sedlttrrf feydroxlde soliatloa and o©aeeatrat®d 
in vaeuo t© 100 iil, for f#edljag as fisetl^a 31« Qm silll-
lltef of ffactloa 31 was ©cpiivaleat to 22^5 graiss of wMf 
powd®r« Tbe tw© 100 grss pojrtloas of fwllei'^s ©ertli adsorbate 
w©y© 0osifela#d, anii vltaala Bg was Glutei from tbe fuller's 
eaxtli lif stirring for SO ailmites with aae liter of 0,1 aol&r 
•barti» hydroxtde solmtlOE and fllteriag# Ixotss baxitjai 
bfclroxlds was mmow&d from tlie sslutloa hf aemtraligiiig with 
10 pet ceat aeid, fhe residtml e-arth mm 
again stirred for 20 wltb 0,1 aolai- baxlmn liydroxlde 
s#liitl©.n„ filtered, and tiie flltmt© tfested with ialfurlc 
acid, Tbe aemtrallzefi ©Xuatee were eoiibinea aad aft#r staad-
iag m&t algbt wefs filtered to rsiiov© Mrinii sulfate* Goa-
eaatratioa of %h@ clear eliiate ta a voluii# of 100 al, gsv© 
vitmiu Bfi (faetof 1) eoae«at»t®, fgaeti&a. 3D. Om mlllHiter 
of fraction 30 was ^Qui^raleiit to 2S»5 f^atas of whey powi©:p, 
Rr©pa3rati©a@ fres lolssteg 
f'Tsotlgmg 44 (Be elmte) aii4 4B_ (faetox. 8 ooac#ntrattt) 
Ilia# lma&r#d gi-aias of 'blmekstrap aolaes-es So, 1 wmm 
h®&t«d to ?8® 0, sttd 2.8 liters of 9? p@y eeat etbyl aleoh©! 
wmm added slowly ritb etltriag* fti# ird:EtiiX'e was sfeakea 
well and. sliow©4 to staM mm aigbt at smm t©»p©tatur«. 
After removing tbe pxeelpitata hy deesjiting tb@ Bvpmm.tmnt 
liqtiid and filter!ag, the slc^hol was mmovmA ftom th« 
extract by conceiitratton in vacuo to a volume of 500 al, fbe 
conoemtrate was diluted »ltii oii# liter ©f distilled w&tes? aad 
stirred for on® horn with 40 gx&me of Ingllsfe fuller*® esrtb 
to atoarb flavia» This flavin adsorbat© wae filt#f@d off and 
diieaxded. Adsorption of vltamlu Bg mm then carried out 
bf acitlfflng %h.& filtxat© with 6*0 tal, of coEoeiitrated ©til-
fujie acid, whioli eiada it distliictlf acid to Oeago red, and 
stisyring f©? ons hQWc with 100 g# ©f li^lisli ,fiall«ir*s earth# 
kt%m ftXteyiiig off tMt secoad aAsortete a third 100 
po^etton of Sngllsli fullaf*e ©arth was stiyred for Qm botir 
with the ftitfmt® and then was tmtimma hj fUtratlsa* The 
filti'ste fr@a the tMM m&smptlmi wbm la wpmuq 
t# a tMek aystup* This mmmtrnt® weighed 120 m4 was 
dssigmted as ffaQtioa 4B* Oft# gra» -of fraction 4B' was 
©quivmleat to f#5 g* of molasets^. fh® seooM and thlzd ad— 
sorbstss were eoablaed aafi gtirir#i fsr ^ islamtes with oiit® 
liter• of, 0^1 sslaar bafliaia hydroxii® soltttioa to elute vitaaia 
Bg, flie residue was filters^ eff aad excess bartea hydroxld® 
is tlie filtered ©Imt# wa« iMintralised with 10 per c®at 8\il-
fusia aold. The xmM'ml fyller*s @a3Ptli was agaia tsmted 
with one liter ©f 0»1 a^l&x- hatlmn liydrexiie eolutloay stii^-
red fof 30 aiimtes, and filtered. Excms h&Tium hydroxide 
was neutralised la ttiit seeoad eluate, and it was comMmd 
with ttis first elmte., Aftes- standing owbt might toarlua 
smlfate was xeiioved fmm the mmbimed &lm.tm hy ftltrstion. 
The <Jlesr solutioa was ttiea eoncentrsted in ^ramis to a voluia® 
of €0 iiil*j, so that om al, af tbls fitaffiia Bg cmeBntxate^ 
fgaotioa 44. was eguivaleat to 15 g» ©f raolasees. 
l^-tpaxatloES fTom H©-g hirm 
Wrmtlom 60 (alcohol pfaeiot-l&teK 6A Cfiityate froa flavin 
adsorptioa, 6B (mmA»owh^A aad eintea Bfi o-oaeeiitmt#)« maS, 
SO Cfactoi- g 
Fottr md c»a#«-lialf kil©g?a«s ©f fmsh beg liver wer® 
gromd in a foM eb-opper and stirxed into ttn liters of boil­
ing water, fhe iiixtiir# was b®mt#d tQ "mxling witb ooiistaat 
sttJTiag, and fii.© tooiilag was eoiitioueii for three alaates. 
The aqueous extract w%e fmmA of tiie lifer yesid'a# by filter­
ing Immadiatelf oa B-acliiisr f-uMiels sad tlie msMum was wasbed 
wltb three liters of b©iliag wat#r.» tbe eoabised filtrate 
aM wseiii.ags W9t9 co-nceatratdi in vaou© to 1«5 liters, foa»-
iag wat prefgated bf the addition ©f 3,0 lal, of 33 pm o€at 
sulfuxie aold, six iirops of Qmtm ©11 aM 1.2 b1» of eapxyl 
aieoiiol t© tha ertraot 'befor© eoaoeati'stioa, fo the 1,5 
littrs of conetatratM extrast were addti slowly, witb stljp-
riag, ttote liters of 9f p®r o@»t gtliyl aleofeol. faixtttr® 
was all©ir®d to staM ovar aigbt# tbea tb# s©ltiti©a was freed 
of the precipitated laaterial by deematlag aad fllterlag, Th@ 
precipitate was washed with 300 «1, of 66 pe^ cent ethyl 
alcohol aad was dried and pulwmxlm^ ioT fesding as fraotioo 
fhm dfisd precipitat© fwom 4»g fcg* of liv®i' weighed 
99*0 Qm giMyn of ftaetioa 6B was ©cfuiTalaat t© 45,5 g« 
tiog lifer* Almh^l mm mmomi Stam tbe ©©tiMaed filtsat© 
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aM wsshlagg toj coaceotrstloa In vacuo to a volume of 900 
ffll. The coacentrate was %h.mi diluted to a iroltiia® of 1800 
ml. fo adsorb flairla,. 200 g« of fogliah eartfe w©ye 
euspended in the sel-atioa, &ad the mimtiire -mm stirred foir 
Qn« hour. Tm adsortsate was filtsrai. off^ waslied with 200 
ml, 'of distilled water, and <iisear€€4. fhm comtotned filtrate 
and wsshlagg liad a vQlum& ©f iSOO til, srii w©rs known as 
fraetlaa 6A. on© allliliter of wMeli irapresented S*50 g« of 
livei. 
ligfiteea huadbced alllllitais of fraction 6A were stirred 
for one hour witli 200 g« of English fuller*® earth to adsorb 
vitaaia B6» Iftes filtering off this adsorbate and ttasiiiag 
it with 100 111, of distilled water, the comljlnecl filtrate and 
washings wer® kept for the pr-eparstlon of th# factor 2 COB-
centrate, Th® adeorbate was tliea washed with an a4dltloiial 
400 ill, of distilled water. The second portion of wasMiigs 
was reserved oad later eombiri@d with the vitamla eluate, 
fltaaln Bg was eluted from tlie adsorljate by s-aspendlng the 
Biatexlal In on© lit®? of 0,1 malar barium hydroxide, stirring 
for 30 minutes, and filtering, flie fuller* s earth residue 
was washed with one liter of 0«1 raola^ "bariuffi hydroxide and 
the coiiMaed eluat# and washings from the above adsorl^ste 
W0m nmde dlstinetly add to Oongo red hy the addition ©f 10 
per eeat sulfurle aeid* leadsorptloE of vlta«lB frm 
tills solution was osjcfled out by adding 200 g, of lagllsh 
**6'S— 
fuller's aart'li, stirring tlie mixture fcr oa© ho-tsp, and. filter­
ing, fhft adsoxlaate was washed with 100 ral. 6f distilled 
water., and the eoiabined filtrate and washings were discarded, 
Tlie aclsorlsate was than washed ¥/lt!i a, second portion of 400 
»il» of distilled water, and this portion of washings wa,« 
reeerved. and later ooffltoliiefi witli ths iritaiain Bg elimt©^ ?ita-
fiiiii Be was eluted froai the adsorbate i>y sugpending the raater-
ial ill one liter of 0*1 molex barlaa iiydroxlie, stli-rlng for 
30 mirrates, and filtei'iiig. flie fuller's esrth yeeidiie was 
washed witii one liter of 0«1 molar bai'lua liy4roxlde aad the 
0oiibliied elmte aM wasMngs plug the seconci portion of wash­
ings fron the above adaorbate were m&de very slightly aold. 
to lltisufi "by t!i© adflition of 10 per cent sialfuric acid. 
Aftex staiidiag mBt night tlie toariua sulfate w&s reiioved by 
flltratiorij, aad the clear filtrate was GummtTrnteA in vacuo 
to 100 ial, This •ritaaiii Bg coneeatrfAte was oslle<!. fraction 
SB. One iaillilit©:r of fractloa wae equivalent te 45,0 g, 
of. hog li¥er« 
Factor 2 cone©atrat@ ims prepared frsa the flit,rate 
froa the smond f'allar*s ©artli- adsorption trestmeat Qf the 
liTOr extract, ttiis' filtrate was stirred for one homr with 
a third 200 poytioa of ftalle^'s earth and filtered* the 
ftdserbate was w&simd with 175 «!• of distilled watar, and 
th& washings were csiibinM wltb the flltrmte. This process 
was ^e,p.#atM with t. fomrtli., fifth, ant sixth 200 g» portioa 
of Saglish fuller *s esstli. All f©ur adsorbates wem <llsea3fd«d« 
the flltr€it© fr0ii tbe sixtli ad&orptlea t?®ata®nt was ooaeea-
trated ia vacuo te 150 al* Tbls faetor 2 sonceatrste wai 
destgiiated as fragtloa 60. Oa® nillilltef of ffaetion 60 was 
equivalent to 20,0 g, of teg XlweSm 
Fyaotioiis 7A Ciiogito ads^rbat#} aai (aortte flltrat#) 
Seveaty-five aillllltgrB of imtm- z concentrate (frao-
tion SO) represeatiiig S,S5 kg. of hog liver were diltited t© 
on© liter wltii d.istille4 water# fbirty gruos of norite were 
snspmidBd In the solutlsa^ an<i the mixt-axe was stirred for 
30 ttiliwt#8« The norlt© was filtered off ©Jid dried fof feed­
ing as fraotioR ?4» Qm gTm of firactton 7k was ©quivilsnt 
to W g, of hog livei*« 
The filtrate from the norit® adsorptioo was stirrM for 
SO ialftutes -fltli a seooM 30 g* portion of norlte, and filter­
ed, This second aciso^'oate was disoaxded aad tiie olear, aliaost 
oolofless filtrate was aoiioeatrated in vrn'm to 100 al. Thl@ 
Goumutw&ted iiorite flltrat© was callet fragtloii ?B, On© gram 
of frmtlmi 7B was ecmimleat te 22^5 g^, of liog liireT. 
Prsotloiis froa Coatiauous Ms©rpti©n of teg hireT Ixtraet 
fya.otiQng 9A {mia.d.e<o^b#d. frsetioa) a.ad 9B (weaJkly adsorbed. 
fr&etion) prepared, using o-m klloggma et fuller's earth i>er 
oiie^'half ,:fellogrsmg of Ityer 
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Py#pexatiQii oi /Bdsmhrnut -yiftaen soft, qmli~ 
tstive filter papess (Mthm H* Tkomm and Ooapasy, Ko-* 5160) 
of the 250 iffii. giss beaten to a pulp bj violent otecbaii-
ical stiri'irio; with tiire# liters of watsa* in a twelve-liter 
ro-mid-bo'ttoiri flask# One kllograia of liigliali fuller* s ©axtli 
was friispeadsd la ttoce liters of distilled water, luaps belag 
broken, 'ttp by passing tha swpemlQii tlirougli a fim eoppar 
screes.. The fuller's em^th suspension was then added to th« 
sy.8pen-sion of pulpt srid tlie two w®re tborottgbly mixed "by 
shRklr^f fiad stirring* After allowing the suspension to stand 
mBT aight, two liters of B'anmm.tsiit water were decanted 
froffl the ,siiepsiisioii and dlseatied# A low Tacuimi «e,iioaeter 
was GQmtTucted. hj alfaply claiipiag a 135 cm# glass tub® In 
a vertical poBitioii. yltb its lower end In b b#altei* of water 
and oonaecting the 'upper eiii by i»aas of rubber twblng te 
the S'dotioii Itae, By iiotl-ii.g the diffti-ene® betweea the 
level of water In the tube end the level la the bealrer, tbe 
aiiO'unt of iitg&tlT# ptQsewte in the eiictioa line cowld be 
deterslaeil, A 200 aii# Biichaer f-onael vrm fitted in a two 
liter suction flssk ooiHiSctied mfltri the suction line, end 
suffieierit s-aotion applied, tislag a, wnter puap, to bold clowa 
a wetted filter paper wblle most of the wall-slx©d fuller's 
earth and pulp euspeasion was po'ured into the fuaiiel® Suc­
tion p&b tken adjusted to atoout 32 cm, of water, f-nd tb© 
remaiii-ag: pertloa of the smspsaslon pomred into the fmmel 
m tha water fllteyeft off, .As tli# filtrfttt-oa of th© wstef 
froffl tti© mtxture- tfie stiepeadad atateirial settled, 
finally fortiiiig a solid, rastttd bottoa lay©!- and leaving a 
l&yex of eupemataait water* Trnting tlie filtration of the 
watejT fjfoia tlie suspended tiaterlal. It was oooastoaallF nm-» 
easary to increase the vacttura so tlia,t at the end of this 
pwmem a m.cmm of 8S eii, of mte^ was telng appll©«l.. At 
this point meTGnry was sttb-stltiated tm watef In th^ rnaMometm 
arid shossd a negative prmswee of 6»4 ea# of laerewy, fto© 
last of th@ superaatsBt water was drawa lato the bottoai lnyey 
wli«a S050 ®l« of water hM hem dellveifsd la th© filtrate, 
sliowlag 1150 al* of 9m%m to b« Iieid In the ooluaii of fuller*» 
©sirtli aM. pvlp* the f-iiller's -emth ani palp mm tmm§. an 
a4®0rbant eolmtn 30 m&*. In dlaietsr sa€ 6 ®a« in €epth,» 
Coati3inoii8 adg^rpttoo, of llve.r ftatya.ot««^laag€lat©ly 
after th# last ti-ae# s-mperaatant wate? !iad been drawn lat® 
tfe® adsoit?9at eeliaa, 1800 »!• ©f ffesMy ps-epsfed fjraetioia 
64, the filtrat® ftm the fiytt aSs^orpttsa ©f llwir extiract 
©qiiif&leat 4,i kg, of hqg ixmw^ wm% gtartet through th® 
cQXwm.m Tbls In %mn was follswed by a coatiuuous simply of 
distillM water., fli« solution was eoatiauonfily supplied to 
th© f\mael toy mmm of aa inrerted btlemxfet flaet st^po-r-
t©€ OTef tb.« fmael. fbe flasi; was with a two-iiol® 
stepper e-oatalning stort glass tiifeta (outlet tutoes) ia both, 
h:©l@s, ttiifisngb. which tli® ai:F was adlaitted and the 
was wb@aev«r tb# liquii la tli# fmael f®il bslQw tlie 
level ef tiiel? Imer opeaiags. fhm mppar suyfaee of tb® 
sii«orb@at eolum was pmtmted fmm tb& stlrrtag effect of 
the emitted sQlutiQm hy b@lag emS'mi mmr it# ©atlir© 
fme hy e, 300 ma* filter pap©ie wMoh wm ia tiira oov@r®d. 
mtth a layer of glass Mads direetly h&m&th the outlet tubes. 
Tilt rate of filtmtioa tsailM to dliilaish throiigkouit tM 
adsorption pmQ®»Q wakiBg it &Bmm9.Tf to ^alse the suotioa 
gradually fyoa tiae to tin©# fh© ^ste of filtration was 
kept at 34 drops per alaute or less CS40 ml, psr tioiar or less) 
dming the adeorptloii# Mter swen ho'arg, 1150 «!• of cl®a^ 
tasteless filtrats liad hmm dsliwi-ti, and wa« diseardea, 
siBce it X0pf©s«ated the water tlaat had b©ea displaoM from 
the Q-Qlurm by the eiiteriag llv#^ extfaet* Tha sutos@^tt@at 
iSOQ tttl. i>ortloa ©f filtsata was taken for tli@ un&dsofbM 
portion of the llwr extract, TMe was ooiio®iitrat#d in vacuo 
t0 150 ffll» m tliat ©a® sllllllter was #<|u.ifal®nt to ^ g« ©f 
bog ltver» fbls oono#iitrat® was kaowa as fyaoti^ii 94., Th® 
aext 2000 lal. of filtrat# to im dBlimmd wmm takea as tii@ 
weakly adsorbM firsetioa (elattd by wateir) arid were eonesa-
trat®ci t© 150 ol, s# that ©ne milliliter yep^gsented 30 
of bog liver« fMs ooacsatmte was called fTmtl&u 9B> 
Ffaotioas 104 £w-mtium) md 101 (wmklv adssyfeed 
fgagtiQal p3r»Bag#€ aging tte®@ kllograirtg of fuller's eaxth 
mt aM eae'-faalf teileggaas of liver 
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weakly adsorbed fraction and was concentrated in vacuo to 
50 ffll# BO that one fflllllliter was equivalent to 30 g* of 
hog liver,. This ooncentrate was called fraotlon lOB. 
Metbsds ©f Assay aad fest 
liologieml aetboas 
Eats mm mM sa tiie expt^latntal aut-mals In all ©f 
th® fe^dltag e^s^laeat® r&pmtmd in this thesig. The aatwals 
on expmimBmt w^m k@pt la aetal mgms lB**xB4*'xW*, fM 
eag#s weir# equipped with fait# boltMs of galvsulsti. oa®-» 
tbtrd Inch mesh Betmn pmwBut th# rata aeoess to thBiT 
fee#®, later was 8iippll@€ ad llbitia In all experiiasoti ty 
oe&iis ©f aa laT^rted SOO iil, bettle sttaefeed to the dooy of 
the caga mud beaming a 9ii#-liole et^ppmr fltt&d irltb a. glmm 
spoutm The fe-0d emit&im-r masietM of a tlttneA eup solder­
ed hf its base to a tlnntd plate. ?li@ eup was fitted with 
a remo^afelg mnomm aower with, aa opening at tti@ apex siif-
ficieatly lajrg# to peralt tha passage of the rat*s head# 
Thii arrangensiit redtioed feet loss by soatteriag to a slBiraii®, 
For BmoB of tlie eatperimeRts a pxellminary 4©pl©tloo 
period was effl,pl©f®d. lealtlif, wigomm rats fouaf weeks of 
ag® sad f?#iglil-iig between 46 g» aad 55 g, were placed in 
groups of six la B^rmn imttom mttsl CRgms and reoetved a 
ration fyee of the faster to to® ii@temia©d t&r & period of 
four seeks. At the ea4 of tb# depletion period, growth tiad 
esased and the aalamls were plaesd oa tli© diet to Tse tested# 
Rats tbugpeeparsi wmm AesigoatM as 8 weefcs oli. depict ad 
za|£. In some of tbt ©xpsrlmeats four mekB old rats of 45 g. 
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SS g-» la weight war# plaeed dixftotly m tbe t©8t diet. 
fiiese aalnials ware called fmxw w«elcg oM rati, la oth#r ex-
pgriaeats tlire© m-BkB ©Id xats weighing between 32 g, aM M 
g.. w&m plaosi dlfectlf ©a the t©et Alet., These we^e called 
tteee yeaks eM gats. 
The Fitaala B eomplax-fye® basal ratloa, baBal ..ration 
lo. 1.. eaployed la smm of tb# expsriiaents eQaslfted of 
aleohol extracted wasb#d easeia, 18,0 pm miA', salt aixture, 
3,7 per smiti m& llfQi ©il, 4.0 pm eeat; ©jid sucrose, ?4-,3 
per cent, fitli #aeli kilgrso ©f this ration th®«i were mlxtd 
35 ml, of distilled water to prevent Tmmtdltf aeeordlng t© 
Andemgg &ad Melma (I)* la esftaia expertaents tfe® basal 
r&timi employed was ideatleal with the om described rnhme 
#Eoapt tMt 18,0 psr mmt of w&sMA ©asela wae umd ia®t®ad 
of 18,0 p®i? s-ent aleoliol extsraeted washed sasein. This was 
ealled basal r&tion lo». i« la ottmT ©xperitaeats. the basal 
ratios ooaslsted of waalied oaseia, 18 #0 per seat J salt mlxtujr©, 
5«? p©r mat; cod llvtr oil, 4»0 per sent; and d#xtiiii,?4,3 
per 0@at. later to ttie extent of 100 «1, p#* kilogmm wbb 
bAAM to tills mtion wMah wm ealled bag&l mtion lo. 3. 
a ration siiitable for testing a aaterial as a soutgb of irita-
ala 3% wm obt-aiati by suppleneatlag the vltamlm B eoaiplex-
fre© lation with om g.T&a of &utQ€lm&d ymBt p&T rat p#? 
day wlidcli supplied tli® vltasia 0 ooaple* biat not vitamia %. 
By Biippleffleatiag th© vitaaim B eomplex-fyee nation with a 
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gOT»e@ of vitamin Ij, free of the htat-ststole factors, a diat 
sultabl# for tests oa tbe vltasila G coraplex was produced, 
Whea it was desired to test a matertaX m a sotire© of a giir@n 
faetoir or oofflbtaation of faster® ©f the fltaiiin G compl®*, 
tti.e vltasatfi B coiaplex-free "festal ration, siapplementeil with 
vttarila aad the feotors of the 0 oofflplsx aot mder study 
or assay, was fed. in aMltloo to tlie test material, la mmf 
experlraeots it was mmmsm&Ty to add all of the faotore not 
uadsrgoing assay to the basal diet^ sliw© es^talo of these 
faetore were showa to he prsaent ia the assay snaterial in 
adequate quaatitj, 
for deteralalng the potency of blologleal prepaxatlons 
arid foods as so'oreas of the mrlotts fa,0tors of th© Titariln B 
o^omples, the eff@et of th# test isat'erial on the growth rat© 
was «s0d as the primary criterlaa, Tbe occtirrenoe of da fid-
&my sfiiptoffls was also noted aai taken into consideratloa, 
but these manlf#8t»,ti©B8 wcx# always aocmapanied by a corr^s-
poacitng failyxe of growtii wMeh »as less subject to irariation 
ifitlilo a' group aad wljicti could he ®oxe aoeurately faeax^ared 
foT omatitatiTO sofsparlsoas. 
In order to deteraiiae if a. given vit&aln had bean sepa­
rated lato two Iridividmllj essential factors hj fxactiona-
tloa of £%n extract, the two fractions msultlng from tti« 
treatment were compared in regard to theiy activity as a 
BQmm 0f that vitsaia whea f#d sii^ly aad w'iiea fed together# 
In fflost oases tbe t*o fractions whca fed together were #aoh 
BWpplimA at a sultatole aiid when eaeh .of the fractions 
was fed eiiigly it was supplied at t. doubled leTel» Under th.#s«' 
coBdltioiis if sigaifieaatly growth was pi-odiieed by th® 
fracttoas iihen fe€ together tftso was pxodueed by elthet of 
tfcte frECtioas alogly it would nesa that tbt vltamla eoaslet«4 
©f at least tw© esssEtial faetoft, ©a# of these "being praeeat 
la #11© fraotioa and tb® other faetcsr in tbe eesoM fraetioa* 
In a few experisenta the fractions w«3r# moh fed at the sam© 
level® when fed t-oget-her as wfeea f@d singly. la this eas© 
the existence of distinct factors ia the t*0 fractions wouM 
'be iBdieated if the growth rat# an th® oo?al3iB#d fractions 
was slgaificaatif greater thaa tlie Bum of the growth rates 
oa the fractions when fed siagly. In son® eases a natural 
food was 8\i'bstitiit@d for on# of th# extraet fractions ia 
studies to iiwestigate the possible dual m.-tum of a vitamin. 
In pr&ctioslly • all ©£ the diet% auppldaeiits of extraet 
fraetloas aad pure vitssiins m kaowa eono^ntratas wer® fed 
as a iefinite Qiiastiti* per rat day* these si^plemsnta 
wtre weighad owt tbMe times weetly aM fed separately in 
150 ral, beakers In tb§ ©aj-lie^ experinentg, IJeweTsr, It was 
found neoessarf t© aix these suppleaents lato tti© "basal 
ratien ia tlie fesd ovp in order to prevsnt sora# of tb@ sM-
aals ia s group ggttiag fao» tfaan thtir ahaxe of the 
smpplemeat, this led t© tfe# pr#s«dT4?e that was adopted la. 
subsequent ©xperiaents in which the supplements ?qt eaeb group 
were Incorporated in tlie cleigired proportioES In a .known Quan­
tity of basal satioii^ i-eplaclng as ©qual proportion of esrbo-
bydrate, fliig " a-yppleaeat#d^ mtio-a was then fad to the gtomp 
semi-weekly in a wetgheci aaomt to fuxalsli tbe desired ouaa-
tity of eseli supplemeat pqt a?at per day« flie suppleseiited 
ration was fed in suffieleatly small amoiiats eo that all of 
it would be Goasiiiaed, Unsiipplemented basal ration wae ??dAM 
to the feed cups to the extant that f«,s required to adjust 
the supply of ration to the rate of food coasnsiptloii of the 
group. Using this techaiQue it was possible to f-uraish the 
desired quniktltf of eaab smppleaent per fat per day an<J at 
tbe same time to gi¥© the rats all the basal ration tliey 
could eat* la soait oases natural foods bsimg tested were 
fed Oil a weight "basis in tlie oann©? ri^soribed aljove; in others 
tlio foods were fed oa a pes cent basis, replsctng an equal 
•pBT oent of oarbohydrate in tlie ration* 
fhe aiHOUJit of a glveii factor present in a food being 
assayed (assay ismterlal) w&b iiiciiea.ted, "bj the Qaio-imt of in­
crease .In girowth yste produced hf the addition of th© assay 
material to the factor-free cilet» The -oalts of tbe factor 
per graa of assay oaterial wej-e expressed to correspond with, 
tbe Boi-q-aln-Slieraan (19) 'oiilt for vitamin G and the Oliase-' 
Sftemma (122) ualt for vltaiai.ii Bx* Th.® following sqmatioii 
was used to calculat© the coat©nt of a given faetor in a 
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ttiaterial ** 
(mQTmm amia grams peg w#«l£)'-Cairera.gg gain m trntm^tTm illgt) 
m miits of factor pey gysa of assay aaterial. 
Oolerircistrlc and fluorofast^ie saetbods for ©stisiatioa of flai'la 
Sol^giaetr.lo es.tijaatiioii of flafto 
The aoounts of flavin piesent la extreicts and fractions 
of @xtr-:Gtf in the mmse of pj-eparstioii flavin wer-a 
estimated oy a eorabtaatloii and aoilificatloa of the cslori-
raetrie methods of lelcelea mid laaerie (ES) and Iharit and. 
IMaustQv (?6)* la this laetliM fla¥ia was estiaated oolori-
faetrieally after oxidatiQn of otiiei? pigaeats ifitli potasai'aa 
paxaaagaaat© aad liyarogea paysxld®# Sa»pi©a were a-nalysed 
as follows J To a 30 rd# po:rtloii of a selatiOE of th® asiflple 
ill ?5 per cent iiethyi aloohol w®re aclded^ with ghakiiig, 2,0 
mi, of glacial ao®tio acid and tfiea 2,0 al* of saturated 
potassium - p®rmaagaast® s©lttti©n., Mtef standing 10 mlwaitm 
the aiixtu^e wbm treatefl ^Itli 2»0 ®1, ©f 3,0 per o#at hydrogea 
pexoxid,© with sbalciag aad the sixt-ure was filtered. The 
clear filtmte was eotipairsd in a co3.oi*imet©r with, a standard 
potassi'aa obroaiate sslutisa eentaiaiag 100 ag, of potassiua 
cliroaats per liter, s© that ©iie ml, corresp«ad@d to 0,00237 
iig, ef flaviii« If tti# gaiaple was oli©saa ss as to e-ontala 
not less thaa 0,020 ag, of flaTla aad aot aor© thaa 0,100^ »g. 
of flavia, cheolcs witMa 0,0DI ®g. t© 0«010 mg^ of flavin 
cotild hm obtained. la seme Instaaceg qthm plgaeats were not 
deeoloriied hj the oxidation, reMertng this setbod Insppii-
oabl«. These oases could usmllj be detectM hj th® "off® 
color of the solution after oxitatiea, Witlj the 
pmrified preparations of flaTln tlie oxidation evideatlj 
•lestrofed soaig of the flavia oamsiag low results^ For such 
niate.rials, tlis color befo-re osEidstioa was found, to gl¥e a 
aofe .20caxete Intiicattoii of the flavla mntBirb than did the 
Goloy after oxtdatloa. 
Fluoroaetrio estlaatlaa of flayla 
Some fclrae fifter tlia stuciies on tiie preparation of fla^ta 
b.aci been completed, a spaetal apparatus for tlie fluororaetrio 
estimation of flavin hBQm'm available aM was -;i®ed to deter-
;slrie flavin in the crystalline material prepared® This 
apparatus was aa iveready Fliidrsy Laaip*, a idortalJle carbon 
arc laap b'oraliig 0 omhon electrodes at 30 ¥Olts aad 9.,0 
pjaperes. The emitted llgtjt passes tliro'agfe a- raoXded 4,0 mm. 
tiiiclc^ heat resisting red~purple ultra filter lo« 587 which 
traasttiits oalf radiations 'DStWfMi ©"bout 3100 fiad 4100 4 aad 
•wer j sligtitly in the extraaie red (about 7S00 A)« Using this 
''13lack li/ttt>% the fla¥iB eetirafition was done of the metliod. 
of Suipplee, Ansbacher, Flaiiigaiij^ and Haiiford (130)« la thie 
• fht BvereaAf Fliioray laap wae purchased froo the latlosal 
Oarfeo» Oo-mpanf, Gl©¥©laai, Otilo. 
solutions of known lactoflavia coatent rsnglEg 
between SS.OO and #10 ©f flavla per nillilltsr of solmtioa 
were ttsed m standaxde for oomp&rlson# Th«se solutions war© 
aad® tip froa puxa crystalline flavin aM had a pH suffloientlf 
close to the neutral p©lnt to insure iiaximmi flmeresoeno®. 
flw& fttiHiliter po:rtl©ms ©f these staadaxd solutions were 
placed in noa~fluor®seeat glass Ttals, Th® fluoresceRC© in 
••black light" of %h& mnkaown sQlution was coapared with tlie 
standard and if Baeessarj suitsble dilution of the unknown 
was {Bade to bring It to a ooneentration within the rang® of 
the staadards. fhe eofaparisons were made ia a dark rooii. 
With flavia solutioas containing 2.5 to 0,1 T of flavin per 
milliliter, this ®«tb©d is sociaate to 0*1 T' aocording to 
Supple® aM coworkert (130)» 
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BtuiUmm OS tb® Fi'#patattoa of tectoflaviia ffoii Wxmf fewdejr 
Attempts t# pirepafs laetoflavia fTm whBj powder by th© 
oatfeod of Itter,. Oreat and, MoO«ll» (64) predueed far too 
small a quantity of erfstalltae at.tsflal t© be of value' 'tQx 
feeding @xp®:Et®eBts., Th© fy.ll®i'*s ©artli stse^Mte fraetiOE 11 , 
wbieti repjrts^nti oa« sf th# ftyst staps in this p^eparatloa, 
was ®«plofet as s soare© of flavin, tout ewo tM® ei-iide oo»-
o@at3ra.te was femd bf o©lorii»@ti*lG estlaatlott aM biological 
tast to be a rather poor so^are© of flavia* Th@r«for«, studies 
w@y® coadticttd on the prepsrstloa of flafia ia ordai- t© locat# 
and '©liolaate losses in tbg varlotis saalpttlatloas latfal-red. 
In these stiadlts flavin was astinateA toy tbe colorlfietrie 
oetfaQd that bss hmeu fieseriliM# 
Tlia ytstilts of thtte studies .ha-re been calculated la 
terms of milligraas of flavin psr E<,tS kg, of whey pow<l«r* 
lavestigatioa of the eifsQt Gi tti,e coiieentrmtloa of stfetyl 
aloQbol oa the qwaBtlty of flavla extmetefi, 8liow©d that 9i 
pejr cent sleo^ii©! extracted 6*0 i«g« of flavin p@y 3»S5 kg« of 
whey powder, sbil# 80 per eeat aluobol extracted 16.0 a®, 
©f flaTia sad 60 pm ©ent aleofeol extracted 31.«0 ag, flisse 
reaialts wsxe obtaiaed with sosll emmplmB using SO »!» of 
solf^rit sM 22.5 ©f whey powd#!', Ixtraction ©n a ©n® 
taad?@d foldl l»g@r seale, uslag fivo liters of 60 per oent 
ethyl alo©I»«l and kg. of whey powder, gave ma extract 
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eomt&ialag 31 rig» of flavin, eheektiig exactly with the r^salts 
of the saall ssaple-, 
fliea adsorptions frus tka aqueous sotetioa of the 60 per 
cent alcoboll# extract were eeadttetad usliig diffeireat quanti­
ties of fuller's eartb. It wm fomiid that tbe quantity of 
flsvia tliat ©emld to© mdsorted aad sluted p©!- 2^35 kg^ of wfety 
pewder wse 3.0 «g» with 50 g# of fuller »i #srtli, 4.5 iig» with 
100 g» of full@r*s ©artli, 8,0 ag, wltb 400 <sf fuller's 
©artli, aad 11«5 ag* witti 500 g, ©f fuller* s «srth. Usiag 500 
g. of fialler's eattk tot the mm^unt ©f eict^set eouimleat to 
3,25 kg» 0f whBf powdey, adsorption was feund to b« at efficient 
fro® tli0 aleoholl© ©xtrset ss it was froo th© aqueous selutloiis 
of the aleoltolic ©xtfaet Caleofaol removed in ¥ae«© aM eoa-
ceiitfat® diluted with wst©r to oflgiasl wolttae), Msorption 
fros the aqiieQUs eolMtioa of the 60 p&T cent alcoholic extract 
was as efficieat as aiserptlsa froti tti© a^itieotts sol\itloa of 
the 80 pBT mnt alcsliolic axtraet or from th# aqueous solution 
of tha &) per osat slooiiolic extract aftar reaiQval of a quan­
tity of lact-oa# by pMcipitstlon with aleohol. 
Study ©f elutloQ of flavia witli different reageats showed 
that til® best field was obtained with a. mixture of one part 
(by voliia$) pyridia#, oa® part ssthfl sleohol, and fror part® 
water, Witb tMs mixture 11,5 tag, flavin wers eluted per 
500 g. of fuller•» ©artii adsorbats rspreseatiag S,35 kg* of 
wbey powder, whereas ©sly 8,5 og, were elutei toy 0,3 per o@at 
sodium hydroxide in 60 p©r csat ®thjl alcohol and oaly 8,0 
mg. toy 0,2 per eent sodiua hydroxide ia 75 per oent aietliyl 
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aloohol* One pm mtit aaaealtta hydroxide in 60 per e«nt 
methjl slcoliol ©luted Isss'thaa 3.0 «g« 
The reattlts indicated tfeat tb@ method of Itte? a.nd co­
workers oould be Impro-red by tli« use of 60 p&jt oeiit sleofeol 
ittstoad of 96 pef cent for ©xtraetloa aoi by the use of 500 
g« Instead of 50 g, of fuller*s sarth per .2,S5 for adsorp-
tioa, Sioc0 m gdfaatage was showa by reaoval of alcohol 
hefom adsorption f:ro« the extract, tbis step could be omit'-
ted. 
Makli]^ U8© of the obangea ia aetfeod suggested toy the 
atoo¥e stadits and also adopting certain siiggestloas from the 
original aetbod of luba, Syo^gf, sad fa^er-Ja'u^egg (45), tfed 
preparation of orystalllae laetofla^rla was again nadertakea. 
Studies of the ©fficieacy of various steps were oontlmaed in 
the oours® of tiie preparation anci tbe wsthod was further mod­
ified as a xaeult of thes# studlee. fh@ procedure evolved is 
descfibfsd below* 
Extraotioa of eight 2»S5 kg* porttoas of whey powder 
was aoconpllsljed isy boiliiig ©aoh with a five liter portion 
of 60 per eeiit ethyl aloohol,. ohilling la the refrigerator 
over night, aM then filtsxlag. Lactoflavin was adsorbed 
froffl eaeh of the extracts toy adding 60 al, of eonoeatyated 
hydroolilofie acid and stirring for one hour wit^ 500 g* of 
f\iller*s Bmxch (Qemo)* After filtering, mcii of the adeor-
bates was washed with. 1000 al. of distilled water, eacli was 
tbea amp&u&&& io a oixtuire of 400 al. of pyridine, 400 al. 
of oathfl aloeiiol aai ISOO lal* of distilled watey and stirred 
for two houa-s* After filtratiea tlie rseidml fuller*® earth 
froa each preparatioa was wmslied wltb 1000 •«!, of SO p©i? 
oeat tiethyl aleobol. fli« eluatas and wssliiiige of all ©iglit 
px©paratloGs were tbea csoiibiaaci ana. eooeeatrated io, wmuQ 
to 1000 si, flir#« ¥0liais®8 of metiiyl alcotiol were a4dafl with 
stirring to p^eelpltate tiie colloidal filler's earth* kttsT 
BtsMding four tours th© preeipitated fuller*© @a?tli was 
filtered off and *aa!ie€ with two SOO «1, portions of ?5 p« 
seat fflethjl alo©fa©lj thB washing# m& filtsata wey# combined;. 
The preetpltat©d colloidal full«f*s earth was th®a 
suspeaded ia 500 al. of the pfjidla#, ti#thyl aleohol, water, 
oixture (1J1J4) aad stlrj©<i o-g# hour to aliite adsorbed flavin* 
Tbree voltmes ef aathsiiol wexis then addM to precipitate the 
fuller*s ©artli .whloli bad agaia beecwe disperted, and aft6.3* 
etaadiiig met aigfat the fuller*s a.as-tk was remofsd bf filtra-
tioii.. Th@ clear filtrate was combined '#itli the filtrate froa 
%hB Qirlglasl aethfl alco&ol israclpttatleii aad. the volua© of 
tbe corsMned flltmtas was reduced in vacuo to 700 «1. Tbis 
conceatrate# flsvla solmtloii was sbakea witb two 500 ml. 
poi'tloai of ether aad the etiiey la^exs wmm dlscsard©€. 
PreoipitatlOG ©f th© aeetoa© insoluble amterials In the 
aqueous l&yeT was aecoapllsbeii hy adding 7000 al» of acetoa® 
slowly and w.lth rapid stifi-iag# Tm mixture wm allowed to 
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stead ©vex sight bafore filtexicg off th# soetoae precipitate 
which was tliea washes ttlth 1000 til, of 90 per cent by voliae 
seet©ii0. le@toa© was reaovecl frow t!ie cQisbladd filtrate and 
wsshli^s by CQm&ntmtion in imMuo to 500 ml., fbe eouaea-
trated flavin sol-utioa was diluted to oas liter distilled 
w&t«r| th&B It was nad© acid to Coftgo ft# by addition ©f hyciro~ 
chloric acid aad aAsorptloa of flavla was s©ncluGt©d toy stir­
ring oae b0ur with 100 gxsae of fuller* s earth (€enm)m M-
sorptlea was raptatsd wltb 100 g# portions ©f fuller*e earth 
until tlie yellow greea fluTOSsmmm ef flavin mm m longer 
observed tn tbe filtrate, fo'iir 100 g» portioas of fuller* s 
©arth were req'airei t© csaplete tbe adgorption, 
I»act0fla'^ia was elutsd from tbe canblueti adsorbates hy 
stlrrlag tor tw© tx0tir« witli 2000 ol, of pfrtdia©, ostbyl 
alQ©ti©l, water aixt'or© CHlJi), filtering, and wastilng tli© 
fuller*® earth with -ms liter of SO par eeat a@t.li.fl aleohol, 
Tb@ elutioii was repeated siiA the ooabiaecl el-oates were reduced 
In Taotto to a fqIuii# of 300 si. Aoetoae precipitation was 
agala earrie-d out hy the addition, with stirring,, of 4»0 «1. 
of acetlo acid aad 3000 al» of ae-stoas^ The ellglit preolpltat# 
was filtered off, after wliicli the filtrat# was concentrated In 
wmudt- to 50 »1, The ,pr«©ipitate wliicb formed during th® ©oa-
eeatratioa was filtered off aM washed, with §0 al. of digtlllM 
wat©r, fhe washings w®re conceatratad ia mauo to 10 ml., 
filtered and oofflbliied with tbe 50 »!• of el©ar flavla coaeea-
trate, Flerle sold was added to t&® flavin solution, 
Aftex stgviidlng o^er mlglit the preGipitatai iripuxlties, InclM-
lag srsatinifie, aafi iiii4lssolv#i pierie iietd w@ir® 'raaofsd hj 
liltfstlon. Pl0rie aold was i*©iiO¥«d frm the flsvla soliition 
by sxtraotiag wltli atber la a 0oatlm3.6us extraetoi' for s 
period of one wsel, the flavin solution being shieMei. fmm 
light slfii a,a aibtst'Of Jaektt, fhe 3.i|,tt§otts flavin golutioa 
was ttiea coaeeatrated is w&Qm to ?,0 si* ani allowed to stand 
over night at roos t«iip«rstuy© ia a ceatrifug# tuto©, I fla« 
erystalllrie pr@eipltat® fmrn^d arid ui>©n exaaliiatloti md.@r a, 
ftleroscope wm shows t© e-oasist of amdles aad ©lusters of 
aeedles typleal of laetoflavio* fb© pi-eclpltat# was centrl-
f-uged out and dried ta a desleestor ov@t C&Glg, The weight 
©f tlii.8 product was 60 ag, 0Ql©xlfB@ttio determiBatloii Cwith-
©mt oxidation) showed IS iig» of fla^la to b® pfeseat, fluoro-
ai@trlo eetimatioB of flsvia llkeirise showed, 12 mg, to be 
present. Biological assay of the pm&uct revealed that 20 Y 
per rat per day prMiio#d a weekli- growth ©f 4,5 g» when adrlM 
to a. flavin free diet find tienee that It eoiitai»ed orse fflllli-
graffl flavin pe:r fallllgraii of product or a total of 11 aig» of 
flavin, 
Smgexiorlty of Inglish fttll©-r*s eaytfa fQr flayin a.4BQrptlQii« 
Soil# tin© aft©T the st'«iies on the pi-epaxattoii of flavia 
bad beea completed aM flavin bad been prepared by the taetfaofi 
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tosciribM above, a eupp-ly of laglisti fuller»f eaxtli becaa© 
airailable. Tlie Inglish fuller's ©afth. was conpaxed with the 
CsacQ fuiilef's emth tm aMlity te sdsort^ fla^ia^ It was 
fo'uad. that the lagllsli fuller's ©artii was' fir® tin®© as 
effloieat as tb© Gerico fuller *s @artto« la tiie prepsi-atloa 
qS fractloa 41, 100 g. of lagilsh fuller's eartb was used 
and II*5 mg* of flavla w©r@ adsorbed and elutad, while 500 
g, of Oeaoo fuller's saitb wem required to mGQmt th© ssa® 
afflount of flavta* Uadoabtedlf a maoh bttter yield of crystal­
line flairin couM have beea Qbtaliied bat the Inglltli filler*® 
earth b#ea available at the ttme, this p^rparatioa was laader 
way. The prepamtioa of erystalliB« flavin uslag lagliab 
fuller*.6 earth was not mKie-xtsken lattr since puj'e flavin 
toacaiae airailsble mi tbe m&rket tm use in tbe differentiation 
studias. 
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Studies oa the Dlffsrentlatiaa of th& Vitaatins of the B Oompltx 
Diffareatiatioa ©f flatia and filtrat# (Bg) 
ill wh&f pamder «xtraet fractions 
The eepairatioa of vitsaim Q iiit9 two factors by aisorp-
tioa fraotioaatioa of alo^helic extracts ©f wh@f po-^'de* was 
investigated ia tbe feediag experiaeats stiiiEiariied In table I. 
la these experiiieats eight weeks old #epl@ted rats w®r® need 
aM toaeal ration I©, 1 ms eaployed, fh© average gain la 
group 3 reeetviag oaly the filtrate froa fuller*s earth adsorp­
tion as a source ef vitaaia Q was 3.1 g» per week,^ This is 
ttot eignlfioantlf different from the 3,9 g, weekly growth 
observed ia fjroup 4, in whiob "both filtrate fraotion and fuller's 
earth adsorption fraction were iaclwdecl. Since similar growth 
rates of 3.3 g, aod 3*1 g, p@r week wer© produeecl in groups 5 
aad 7 by the adeorbate fraotioii m the sole source of G, thee© 
groups failed to <iefaonstrate &nf separatlQa of factors in 
vitamlB G. Oltraflolet irraiiation of the vitaaiin Bi coaoen-
trate mted la tb® •^Bg-free* iiet fer group 6 aid not oaus© 
growth in this group to be any less ttiaa growth in groups 5 
aiad 7, la whieh the Bi coaceatrate was not irradiated. Growth 
in group 6 was 4,4 p#r rat per wesi:, droup 8 reoelving the 
irradiated vitamin Bi ©onQaatrst# and 1,0 g« of autoolaTSd 
yeast as a source of the B eowplex gav® a weekly growth of 
12,5 while group 1 reoslvlag oaly vltaialn Bi concentrate 
as a source of the B eoraplex ge.fe a weekly growth ©f oaly 0»4 
OolQria#trle teets for flsTla In tbe flavia adsorbate 
ettployM la th@ abwe group® indiested tbat only 1,3 K of 
flafta were preesnt in the quantity, er5ui¥alerit to 1,1 g, of 
wiiey powdtty sii|^li««i to group 4. Oolorlrftetrle deteralnation 
of th© flavin pr#s@at in the filtrate concentrat® indicated 
4.0 y of fla;Fl» to be prasent In the ayaatitf of filtrate con-
aentrate, equliralent to 2,1 g, wli®y powder, giw&n to group 3., 
la grottps 11 sad 12, an impmvea flavin ad.ssr'batej fraction 
3A, was u®ed» Tfeis preparation gav® a eoloriiietric test for 
5 K la a. quantity eqiiifaleat to l»l g» ©f wfcey powdei-, la th® 
filtrate Gonoentrat#, fraotioa 213, used in groups 12 ani 13, 
flavin was destroyed by autoelavlag at pH 9»0* late ia group 
13, receiving filtrat# o-oacentrate egmi-raleat to 10.0 g, of 
whey powder ae tbe sole somm of vitafsla G grew ©nly 4,0 g, 
per week, la group 11, whm® only the flavin adeorbate was 
supplied at a level eQuiTalent to 10.0 g, of wlmj powder, a 
,weekly growth of 4,0 g. was prodiieed; whll© ia group 12, 
reoeiving th© flavin aiesrba.t© eQui-walent to 5,0 g. of wh®y 
powder plus the filtrate squliral^at to 5«0 g., of whey powder, 
gsowtli was 14,0 g« p#ir week, fbe results of experiments 11, 
12, aad 13 ate in accord witli tlit results of Gyorgy (48), 
sbOiTlng that in addition te flaTia, sjiotheie less a.dS'orbatol© 
h.m.t and alkali stable factor, ^itamiii Bg, Is aeoessafy for 
tb© growth and well-being of th« rat. 
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Mff®x©atlatieiii of flairia, Bg, aad faetox 2 ia wmj powder 
sxtraot fraettoa® aM In m^Xmsm ffaetioas 
The mmltB of stuii©® ©-a ttie dlffereatlatloa of flairia, 
iiltmte faetof 1 (Be), aad filtrate fs-cter 2 ia fraetloas 
fmm whey powdty ©xtraet aad ia fraetioas frsa solassae extract 
af© sttMarlsM la tabl® II• light weeks old dfipleted arats 
ms@d, aasi basal rstioE 1 vm gimn to these gromps, 
fitafflia Bi was siippllM la tbtge experlasats by 0,05 g* of 
fjmtlm SB pet rat p#r day# Qroups Bl, BS, B3 and B4 moelmd 
itrntiouB fmm the wUbj powder ©xt»et as sources ©f vitasia 
G, Growth of 9.0 §• rat per weeIc was obserwd in group 
Bl, receiving fla-rla adsorMt#, tsmtlm 2A, @a'«lval$nt to 
5,,0 g» of wliey powd@r| Bg ©Imta, fssetton 3B, eqml'rslent to 
2»2S g, of whey pswder; aud faetor 2 coneeatrat®, fraotloo 31, 
eqmimlerit to 3<»SS g., of whey powdtt,. ilien the flavla concea-
trat@ was mt inolMed i^mip Bi) m-en tboug:li the lavels of 
Ig elmte sM of faetor Z conegntrat® were cloiibled, growth 
was a#gligtbl# aft#:f tbm fifst w@«k oa the test dl&t,, ajsd 
ttoe© of the six aalasls died* G-ifoup B3, which ifficelved 
fls¥la adsorbat® and. a doubled le-rel of factor 2 ooEoeatrate, 
gave grewtii. ©f 7,0 g.» par we®fc, Group 14, receiving flavla 
adserlsst© and a dsttblafi lewl of Bg elttat©, showed a gain of 
only 5«0 g. psf wmkm fbese results deooastfat® tbat flavla 
was q-aite coaipletelF separata^ fro» tbe Bg aad faetor 2 
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fraotisse, CSroi-th of the unlmls in group B3, which did not 
receive the Bg eluate, wss not slgaifloaatlf lower than growtb 
in group Bl| thBrnfoxe^ the presanoe of an ©sseattal factor 
in the Bg eluat© was m% demonstratsd. Growth in. group B4 
was soiaewliat less tbaa lo ^ oup Bl, indlcatiiifs tbat aa essea-
tial faetor was pfaseat in tbe factor 2 Goiie#ntrate» 
Group® Al, A3, 13, aod M wefe given fraetlons 
oolasses a# eourecs ©f ¥ltatiin Bg mti feotof S, Groups Al, ASj^ 
aBd A4 received 0*03 g, pei* rat per day of lactofla-ria adsei'-
bate {Labeo-FA prade) as a. source of flatlo-* Srowth of ani­
mals ia all fomr group© was fespy poor* Tlie best grewtb,. 5 g. 
per week, was sliown by the rate ia group A3, T&mivlng the 
level Qt factor B coaueEtrate equlfalent to 2.*.0 g# of molaase® 
plus the lactofla^iii edsorteste, althougti no ©Ivate was 
glTeii. Issrly ss .gooil growtti^ 4 g# per wtek, waa obtained, in 
jiraup 12 with factor 2 cjonsestrat® ©qmivalaiit to 2,0 g, of 
ffiolasses, plus Bg elmt© estiivalaat t© S g* of iBOlasses. 
Srowth of 3,0 g:« p©r w®®fe ms ©btsia#d la group Al receiving 
Bg elttst© aad fscta^r 2 oeaeeEtrate in addition t© the laoto-
flavia acisorlmte; eaob. of these fjraetious was fed at a l0Tel 
equivalent to 1*0 g. of jaolasses. An s^ verage weefely growth. o,f 
2,,0 g, was shown by group A4, mblch received th© elmte 
eqyivsleat to 2,0 g, of aalass#®. plas- the flaTiii sourc©. Some 
tim alter tbeae experiaeats !md hsBu eonpXeted the lactoflavin 
adsoibate was tested fsr its flavin content hy elution and 
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©olorlaetrie determination^ Thd results indicated tliat tlie 
flavtii somaree 0oataiii#d onlj l»3Yof flafia la 0,03 g.,, the 
dally rat dose used afc-ova, fhsmtoTe^ it Ig apparent that 
flavtn wfts the limitiag factor In grmipb Al, 13, and A4 m 
well as group A3. The flavin d«£icieiicy was lesn severe la 
tboae diets coataliitng the aost ffietor 3 ooaeeatrste, t, faet 
wtilcb ladiestf-s ttia.t the s@pa.ra.tlQa of flavia, and wQTf lifeelf 
of Bg silsOj fjrosi factof 2 was quite incomplete In th© extmot 
of molasses, 
la tlie above exparlasats the msponmQ of tli€ flepltted 
aaimsle was quit# inregulaj'- on a gittu. €let» Bo>m of the aat-
»als in a group fall to gsm on a mmpletelj suppleaiea-
t©d ration whtl® others In tlie Bstm group would grow rapidly. 
On tlletg «3.efloieiit In certa-ia factors of tlie B complex some 
rats -^ould fail and su-ootaab In a short time while others womli. 
glT0 some growtli 0¥©:r an e.iteMed. psrioS, 
It seemed likely tbat iiregulaxltles w©y@ enbanoei 
by the pfellnlnatj depletion of t!ie anlmala, fhemfom la 
the next ©sperltieats tli© deplattsn period wae elliaioated. In 
ordax that the aatnala hafe as SBmll a r©«@rv® as posalbl® 
they were taken,at the yomgest &ge plausible, fhr®® weeks 
old fats weigiiliig l5@tw«en 30^ and 36 g., wer® us@d In smtoseqiieiit 
wort aai gav® a auah greater miforaitf of fesponse. For tb® 
mmt preclte qtaaatltatlf© eoiiparis-©ns. It was fouad ad^isabl© 
to »8trlet th# wslgbt lisite to 33 t© 35 g:ra.as.» 
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Blffeyeiitiatioa of txtivia^ Bg^ aM faeto-r § in 
Tie© pelisiilag® extraet 
Studies oa th-a different I at I on af Bg, aad trntms 
2 la fractions oMaiaM tmm xlm psllsMags extract are staih. 
rnmlm^ in tatol® III* la tbese sxp^rtneiits t!ir@e w^©ks old 
rats if®rt ©mploy^d and tli@ basal ratloa lo, 3 osataiaiag 
dextrin, and wasted easelo was asad, ¥itamia B-j was supplied 
by O«05 g-. of ftactiOB SI rat pm daf, flmiu was smp-
plted %Q gmupm B2, OS, and M aa 0»06 al* of flsvia 
3S» la .groups D7^ D9» and 010 the somm 
Qf flsvla was 0#0S g# ©f IsetQflavln sdsortoate (Imhm—TA 
grade), Bl, 02, md 24 #ef# rm to Aetermla® th@ 
ISTOla at wMcli ttie Ig eluat# Cfraotioa 5B) aad the faetox 
2 43oac®ntrat« ittmtlom BQ) wquM bam to fed to give 
gooi. growth, Qrmp B4, mmlving @aly tlm basal ration 
plug Bi m&esmtmtm pirns flavin showed aa aire-
rage growth of 5,0 g# ptjr w®«k. At l«¥©ls equi¥ai@nt to 
l»0 gm «f Tim pollsMags p#r- rat pm day. Be and faetojr 2 
ffaetiQjQs liad mry Iittl# effeet ©a growth, aa average 
gTQwth Qf ©olf 6«0 g. m&@kly bsl&g #l>talii«d la grottp 
litli levtls of Bg aat faetor B fysetleas eciuiTalent to 4,»0 
g, of Tim pslisMag® (gmup 3i) growth of 8,0 g« p@r rat 
pe» w®tk wms ©"btaiaai, la. gfeup D1 with Bg and imetm B 
tTmtiome at l«v«ls equivalent to 8,0 g. tiis &mT&g» wmklf 
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gjpowt'a was 1.1-.0 g. ftm tlieae results it Is iMieat@€ tliat 
at leTels ©.quiTaleiit to 6,0 g« of xlm polisbiags the Bg sad 
fector B ooiioentratee should supply snifficlent of their r©8pe©«-
ti¥® faotors- to allow a growth of appsoxliaatelf 9»5 g, per 
rat p&t week, 
Groups Wf D8, and DIO wme two. t«j tafostigste tbe 
separation of Bg fx©a fsetor 2 in tti# Bg eluat# (fraction SB) 
and the factor 8 ccsneeatfat© (frnGtiQu SG), tn grottp W, 
recei¥iag Bg eluat© aM fa.,Gtm 2 coaeeatrate emh at a leir-tl 
eouivaleBt to -6,0 g# of riee pollshlngii, gmwth was only 7,0 
g, per rat per w##lc.. Ootuparlson of the ^eswlts of group D? 
witti tbose Qf gronpB D1 aad Bi iniileated tliat the flavin 
adeorbp^te used ia group J}? taust iiave hmn inadequate. Tbis 
flavin adeoybate (Iiabeo—FA. gfade) was tested for Its flavin 
content by elutlon aM ceXoriaetrlc rieterainatlon of flavla 
lii'ttxe elmte. The reaiilts oMmined Indloated that tli© flavin 
content of this adsarbats was ©alf afeoot 2,3 Y of flavla In 
0*05 g, 0f adsorbate of 11 Y as was expected, on t.h» 
temsls of this flavin coateat speeified fox tMs »aterlal 
(100 ag, .per poimi), fbe *Bg~fr®e" diet, f@d to group S9, 
and the "faetor S-fsee" diet, fed to group D10, eacti gave 
th# same aaoiaat of growth as was obtained in group D*?; there­
fore,, no sepa^atlsa ©f Bg aaA faotoy 2 was deaoastrated, 
^Fla-rie-free** g^cmp B8, like the previously nnntlomd "Bs-
snd tmotot 2-.fire@* gi-oup B4, gave a growth of 5,0 g, per 
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weak. These results indicated that the ration smpplisd 
or spared, tlvese factors, 
Dlffereatlatioa of flsvla^ Bg, ant fs.otoi- 2 la 
fraetioas fro© hog llmt aad from rioe polislitiigs 
fhe data fmrn f#sdiag expeftmsnte to study the differ-
eatltitlsii of flavia, Bg, &od factor B in fraotioas from m-
traots of lisg livBT and of ric# polishings are suwiaylged in 
table I?, Three weeks oM rats were usesl ia these experiments. 
Basal rattoa lo*. 1 was fed these groups and i-itsriiQ Bi was 
supplied ia the fora of 0,06 g, of fraotioii. SB per rat per 
day. 111 of t'ae groups except ** fIsvlE-fre®" groups F1 aiid 
F14 received 30 Y of flavin pm rat per 4ay as a la-otoflavla 
@liia,te (La.bc0-—21E grade) • Iii the absence of the fla=vin 
suppleraeiat, growth did not omut la grsups F1 and F14 altliough 
Bg eluate end factor 2 eoneeatxate wers ©acli gi¥eri to both 
groups. Addition of 20 Y of flavin per rat per day to the 
y&tion for group F14., at t!i© begiiming of the fifth week ©f 
the experiment, produced an aTemge weekly gsJ.n. of 12.0 g# 
tiie results of tbeeo exparlments show that the Bg elmte tad 
factor 2 eonceatrate were free of flairia and that the laeto-
flavia eluate CI»abc-o-—21IC grade) at thg 0#02 nl. per rat per 
&B.Y level supplied aAeemte flavin, for Eoi-aal* grewth, 
• fhis gTQwth was nornal im animals on basal rati©a I0. 1 
as was sbown by stia«ii®g oa the affect of the basal ratioa 
described in the follow!ag seotioa. 
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Faotor 3 coBceatrc\te at a le^el ec|-ai¥alen.t to 2»0 g, of 
lives' prodweed an average weekly g;rowth of 4«0 g» in tht 
abseaoe of ths Bpj tXuate, ^ocording to the data of group F3» 
G-rowtb. of only 0*5 g, per w«et wae ot'tainecl In growp FS 
receiving Bg eluat# but no faetor 2 coa-ce»txste| the Bg eluatt 
was feci, to thie group at a Imel equlvslgnt to 8,0 g» of rlo® 
pdlisMags. Ia gmup f4,j wbere the elmate wb.b fed at tfie 
lewel equivalent to 4,0 g« of rice polisblngs and factor 2 
coBcentrate was fed ©Quivalent to 4,0 g« of liver, average 
weekly growth of only 2»0 g,» was o'bserved, fhis is only one-
half of the growth rate in tbe preriouslF rseiitioned group f2 
which reoelved factor 3 eoneeatrat© equivalent to 2«0 g» of 
Hirer but which reoeived ao Bg eluate, Fror. the results of 
groups F3^ &nd F4.jj It is evident ttet one of the stipple-
taeats, probably factor 2 ooiiceiitrat®, was supplied at an ia-
adequate level la the "cofiiplste® diet (group F4)<, When the 
level of factor S conseatta-te ws.s increased to the fsnulTalent 
of 3»0 g, of llvsr ia the '•t30«iplete* •'li-et «hieh was fed to-
group Fll, good growth (10,8 g» p@r m.t p©r week) itas obtained. 
The le¥el of Bf; eliig,te fed to gsroiip FIl was equiTaleat to 
only 2,0 g, of rice pollshlage. Four tim.es this level of 
Bg eluste im.& In-cludtd in the coaplete di«t glrea to group 
?10 but growth ia this grmp ws.s ao better tlisr. growth in 
group Fll, Ths a,ver&ge weekly growtls. {84,0 obtfil.a0d on 
the "Bg<~fr©e" -diet fed to .group F15 was oot eBOugh lowtr 
thaa ttie growtli ©a tke •'eoaplete® dists f#d to groups flO, 
Fil, FIS,. and Fl? t© dem^astiate omclmlmXy that the Bg 
GOii0@iitrate was ladispousal) 1@, fh@ mrf p©03r growth ototalnei 
la groups F3 and F16 wM^h reoeived ao fmtm 3 coacejotfate 
sliowe that this mmmntTmtm c€«italii@ii as essential faeter. 
From the sfeov© results it was e*ld.#at tlist aa ©steatial 
fmctOT wm twppli©d hf tb© facto? 2 consaiitrate, feat that If 
an esseBtlal faster was supplie^d hj tbe B0 @l«ate It was ale© 
supplied lay ©ae or saore of th» ©tbej- sij^pltatiit® or by th@ 
bassl ratiOB. fbe smppleaeat ©tht.ie th&a the Bg elmt© that 
smmmtl most likely to centain vitsain Bg was th© vitamin 
adsorbat© fraetlon 0B, That t!i« Bomm ©f Bg eoutaalaatioa 
itt tht diets was frmetloa SB wm denoBStjfatei la 
0xs>©]Piiieats of tstoXe fl whloto will be €®setlTbed later, 
the "eofflplste" diet fed to groiftp FlS ©Qstalaed 10 per 
mut of laxd# f.h© gmwth and appearsace of the aaiaals Ie 
tills grottp was ,ao b®tt«T than In gfoup Fll, where Isxd was 
jB.©t fed. Emmet^ 10 ptr eaat lard included la the di@t of 
gTOup fiS aslatalaed gfowtb aafi appearance ©f tb® animals 
Bttperier t© that ©btaia#4 la group F4 wtoloh did not reetlvs 
liffd» Bsth gjomps r-eeslvai Bg eqialmleirt to 4.0 g» 
of xle© pslltMags aad factor 2 eoae©at3fat® aqtilvalsmt to 
1,0 g* of liwmTt a-rerag# w@ekl? gTmth was 5,0 g* in group 
F13 and 3,0 g» la gr©iip F4» Slailarly,, grewtli of oalf 0,5 
g, p«x wmk was obtained on the ^faetor diet f@d t© 
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gTQup f3 whereas growth of 2,6 per week was obtained on th® 
s&iae diet plus 10 per eeat of lard la group F18« fhese results 
show that although, lafd gave no increased grewtli whea addtd 
to the ^cofflplate" dl@t ooiitaiaing fee tor 2 conesEtrate ©qiilv-
alsnt to 3,0 g, of lifer It did cans® liie?.®a8«d growth wliea 
added t© diets GOiitainiag ao factor 2 coneentrat® ^or containing 
faotQi* B eoaeentjcatt at tfae l@vel equiwalent to 1.0 g, of IItox. 
fltasla Bi souxe® sad tessal fstloa for us# 
la the differtatiatlOB of beat stable faetor® 
la the dlffereatiatioii stMles that have hmu d©s0rib@d> 
vitaaia Bj, was supplied hj a fiall@y*s ©.axtb adsorbate, tT&e-
tlon SB., from a flee poliahings extract, fhie night b# 
sxpeoted to ooataia aa appj-eelabl® asount of fltsffliii Bg, la 
view of it© similarity to the Intefaatloaal Standard vitatiia 
sdsorbata,, wtiisli Harris CsS) fotuad to b@ cootaaiaated. with 
vitaiila Bg, la spite of this probable eoataiilnation of 
fraGtioii SB wltii Bg, it was bell©¥©d aeeessary to use th© 
erads adsorbate of -wltsmtn % order to supply another smp-
posedlf beat laMl© faetoir, B4, wbleb ocottsre-a. along with 
yltaain Ie the adsorbata. lliea gyathetlo, cTystalllns 
•vitatilo beoame aTOilable a.t a praetioal prloe, oooparisons 
w«r© saie of the valu® of the cxjetallim vltaain and of the 
erud© aisofbat© as sources of tbe best labil# fsaotioa of tb© 
¥itaiiila B complex, Th© ^results of tbtse atuiies and tli# 
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rasulte of studies to detersiae tlie m©st suitable basal 
ration for the diffexeatlatton experiments are simmarl^ed la • 
table f. 
Tbre® weeks old rats were us®?! in the experiments of 
table ?. Ia groups H4tej, IB, ari^ 119, eoaparlng orfstalllae 
vitaalu Bj and vitamin Bi adsortoats., ffactioa 83, as sources 
Qf the beat laMl@ fxaitloa of th® B coaplei:, basal xatioa lo, 
1 was used _aiid vltanla C* was s-uppliad tn tb© fom of 1,0 g, 
of antoclsved yesst per rat pet day, Qmup 18, reoelvliig 
10 r of erystallia# per i-at per day, showed sb a,varage 
weei:ly growth of 10#,2 g»; tbis growth 1® tdeatlcal with the 
growtli - obtained in group HQ temi^lug 0„05 g, of f^aetioa 8B 
per rat per day, io syiaptoiis of paralysis wer® observed ia 
rata of eitlisr gi'oupj rats o-f feotfa groups appeared, to be in 
exoelleat health, Tbgse results ^sliow that fraetioa 8B does 
aot supply any fcniat labile factor aot supplied by orystalline 
Bj, fli«efoxe, la sutosequtat work on the dlffsrentiatlon of 
tbe test stable factors, syntfeetio, erystallia© vitamin Bj' 
was used as the sowro® of the heat laMle fraction of the 
¥ltaiai.a B complex.. Tia© level of orystalliae vitamin aeo-
eesary for aoraial growth i® shown to bo betir«ea SV aiid 10 Y 
per rat p&T day by oompmlBm of tli® average weelcly growth 
ol)taiii®d ia groap H8 (S.S g,) and la group 119 Cl0«2 g,}. To 
iastsre an adequate supply of vltaala in tto;© smbs@queat 
work on the diffsrentiatioa of the heat stabl® factors. 
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crystalline vitaialtt wa« fayalgtiet af tb# 10 Y per 
dmf 
Ex'perliieiit® laeladei in tab!# f «how th@ ©ffeet of the 
mtvXB of the feasal mtioa ©apiofed xxpm tk& growth obtslaed 
00. dists sapplaseatM wltli tias kacwa faote^s ©f tbe B Goiaplex, 
Kxperismats are als© iaeliadtd wliieb shew tli© effect of the 
aature ©f tli© estfteehydrst# eoapenaiit of tfee basal ri,tton 
upoa th.0 grswtb oMaliiM m. a fact oar 3-fr#® 'ditt, 0r©i^ HIO 
r@oei¥ed the stoafc ration, a mixtw# ©f aatwal f®Ms whiefe 
kas been prnwlomlf d^mxiMd* fbls gmup ebm»4 aa average 
weekly grmth of l&«0 g» A nmirlj ©qml gxowtb,. 14»0 wm 
oMalaed la group 112 oii thm symtbetle tlet e©atatniag dextfia 
aa€ wat-iied easeiE (basal jratioo l€»» 3) wbleh was supplenentad 
wttk fsaetloa SB plus aMtoQlmed yeasty Sreup H9 reoelved tb® 
same smppleaeats as dii gietmp MX2, hut gmup IS r#oeiv@d th# 
basal rstloa 1, o^atsining bmrme and alcohol @xt?a0t©d 
washai ©as©ta» fh@- avsfsg© growtti was i0*2 g» per week la 
gxoap HS., or 3*8 g. par mt per wm®k less than growth la gmup 
fflS* fhat the waslieci eaaeia wms aot r«sp©iisibl© for th© 
bstter gr©wtft in group liS is shown-tof eomparison of growp 
H4a, irecelTlng washed casein and suorosg (baeal iratloii lo, 2) 
and group H4b, r@o«l¥iiig a.lo»Mol sxt^mtsd cmein sad muorm® 
(feasal ratlQB !©• I)« Ideatidal growth rat«s (10.,2 g. per 
rat w©#k) w«re obtaiaeci in tb«ie two gT©«ps, Ab a r®s-\ilt 
of tbese findings it is evident that the dextrin coiitaiiied. 
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la basal ration !©» 3 ws« respoasiM® for the emperlority of 
gTOwtb la group 4, fbese sesalts tndieatad that 
aiigbt b® the aoi-e desirable earbohydrate because mhsu it was 
used aueh togttes* gXOTth was obtfiliisble oa a osspletelf sutppl®-* 
iiented dle.t» bowewr, tbs dei:trlii ration also gave coaaidsipafel# 
growth la the abseae® of faetoi- 2 supple-aeat as is thown by 
coitparisea of gro^ip 113 aafi gsoup H14, Qroup 113 rec^iwd 
toasal ratioa Io« 2, supplemsiited with Bi, flsria, mnA Bg* 
this gTQUp shQw&i. aa average w#eklf growth ©f 1,,0 g. Group 
1114 recelYSd basal ratiQii Ilo. 3 aad the same Buppleaeots a® 
dii group H13, but the average meklf gTQwth was 5,0 g. fiaex©-
fore, it seened sdvisabl© to use gmcros® Instead of dextria 
in basal i-attoas for stiidtes oa the differentiation of the 
factors of tbe B coiaplex, and sucrose was need In all tlie 
later exp@3*i®eiits ob differeatlatioa, 
^loyiial" gfoyth oa ratioat .with aucrme mm th# eartosliydxatQ 
Froa the abova data it ii ©vidgat tfeat wb#a suaross is 
ttsed as tto© oarbolifdrst®, *a©»i.al* growth nay be exp«©ted to 
t)e oaly about 10 g# to 13 g,. per week ©r abeut S.O t© 3»0 g. 
l®ss than growtii qq th© etoek ration «¥eii tliough all of the 
kaown factors of the 1 estipleit for th® i-at are supplied in 
thB stiexose ai#t. fMs coaciugloa is supported tof the results 
of gxoup Hll wkloli mmimd fcamsl ratioa 1©. 1 plias 30 per 
cent of fsast and gave an awrag© wmklf growth of 11,8 g« 
Btffex€atlati©tt af flavts, Bg,, faotQjr and atsotlaic sold 
ta fmetioas tTm hog ll*©r extrmot and. frott rioe pollsMags 
effstalliae vltaala Ij has h&m ahmn to b« 
eqml ia rB.lm t© fra<Jti©» SB as s s^-tMom of the labile 
frsettsa of tfae 1 coapltx toy thm «xpd]pia0sts of tafelt f, 
whtQh hair# been s4«serifesd« Sine® t% eetoed pTObmtol# that 
the fallur© to 0©iipl@tely tlfferautiste flafia,. ig, md 
faetor 2^ in tb@ txperiaeats ©f tatol© If, was du@ t& th© eoa-
taalaattoii of fmctioa SB with wit&mlu Bg, siiitlar atmdtes 
(tg,fel« VI) wtf® ©oaiuettd ott tli® diff#:reiitistioa of tb# 
fitaala S factor® in extraets of !iOf liter aad rlee palisfe-
log® ijsiag synthetic erfstslliii© vltaaiin Bi as the sowtm of 
th# beat labile frssti^a. In .addltisa, thes# expertaents 
-mm extended t# study the cllfferentlatieii of flaTla, Bg,, and 
factor 3 imm alootiatc acid, which at tbmt tl«@ bad just 
hmn r@pQyt#4 to be tb« aatipellegts fset&r for hummi b©lijgs» 
fli© @ffe0t of the degy®# of ptiri float ion of the easels 
(wasbed emseia vs« al^eo&dl extr&etet ©aseia} in the di«t oa 
the p»dw0tiQii of Bg deflcleaoy and faetor 3 defleleaof was 
als© studied, fhT%B weeks old rats weye used in the ©xperi-
aents of tatole ¥!• All of gifoups yeeeiwd suppleaeate 
of 10 Y of erystalliae vitftaia Bi and 20y of flavin (la the 
form of 0*02 al, of tofeco Laetaflatiii—SlI grade), Sucrose 
was as tht earboiiydrate ia all rations. Basal ration 
So. 1, cootaiaiag alcohol ea:tra.cte€ washed cssei3% was fed 
td groups ISbj and whmmm ,basal nation !©.« B 
©•©atalalng waeliei @a®#in was £©4 groups 13a aad I4s. 
fitaatn Bg deficrieaey proaptlf fievel&pei l» greap 11, where 
fmtm 2 sfiacsatmt# was sapplteA at a l#v#l tqiilvalerit to 
6«0 .g» of liver fcut wlier# %. ©luat# wm a^t supplied, kre-
rag# weekly gmmth wm mXf 3*0 g» ia tfele gro'op- aad sef©r© 
dermatitis Cacreiyala) dwelopM in siirea to ten weals, 
leading to death ia a short tia©, Group wfetleh ireeelftd 
factor 2 eoncentrat© aqiiivaleat to 3»0 g.. of liwet plus Bg 
©Ittst© eoulifaleat t© 4^0 g, of rice p#lighirigs» sliowsd so 
&wqt&g@ gfowth of 7.»0 g* ps;r week, and m serodyais d#velop#<i. 
It will be reeallsA that g.roiips F3 and F16 of table If CwMeb 
reeel^ed Bg elmt# ©quiTslent t© 4»0 g* of rlc© polifihlags 
aad 8,«0 g» of yie© pollsMiigs ^espectifelf, but wliieii fsceif-
©d iko faetof 2 o©ao#iit3rate) sbowed little or no growth, OQa-
gld#mtion of tiiese results slo&g wltli tbose dssoribei abo-re 
iii groups fll miA 13 shows that two dlstiaet ©sseatial faotoie 
were contairiM la th© Bg sad faetor i fiaetioas; one #f th® 
©sseatlal festor# was eeiitaiaed ta tb® % elust©,. and the 
•other #sssiittal factor was eoatalned in th© factor 3 ooncea-
trate.. This is ta agreement with the r«.siilt8 of Lepkovslcf, 
and I muse (9^)* 
Mciittoa of iilc©timie sold to tli® "Bg-fyet** <ii@t had 
m app-axest eff^et, as was sbowa by eoapaxissB of group HI 
and grsup 13to* Botb groups showed aa averags weekly growtb 
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Of 3,.0 g« sltli©«g% gr©mp I3to reeeived th© aMltlonal supple-
ment of 1,0 fflg» of nieotlnie aetd per rat per day» Sisllai'lf 
Jiieotiiii© aeid t# laproT# growth oa th® »faet« S-.free* 
diet! gJTOttp I4fe, wbicii xemlwed. tlie additional suppleaeat of 
1«0 fflg# of aiootiai© acid pm i-at per day, showed m impmwB-' 
aeat la gxmth omT thg growtb obteliitd in groap® fS aad F16 
of taljle If, wMoti did not mmlv^ aieotiai© aeii. Fr« 
tbes© results it teeaffi® appsrsnt that aicotiaie acid is 
ifietttieal with either Bg m faoter 2 and hstim tliat tbe 
vitasia B ooaplex ©oatainsd at least five factors-—B][, fls'rim, 
B^g factor 2, sad oicotlaie acid# faeheci osseia aaA aleoliol 
extracted washed easeia were 0Otap®,»i as somroes of protein 
in th@ ration for produeing fitaaiii Bg dsficiescF aa^i for 
prodaslag faetor"2 defioieoey,, io stgaifi©aa,t differea.ee 
was Qbserwd in growth or appeara.a<5« of tbe aaisals oa "Bg-
free** diets coatalaiag wasbed oas#ia Cgreiap ISa) or aleohol 
extrsctecl cassia (group I3bK Likewise, praetioslly ideatieal 
growth s-nd sppearsaee was ototaiiied ia auiaaXs on factor 3-
fr©©* diets coata-iaiBg wssbed oaseia Cgro^pi I4a) aad eontais-
iag alGotiol extraet#€ easeia (group Mh}, Om th® basis of 
the abow results it would appear to b@ maecessary to ®ak@ 
the additioaal purifisatiea ©f aleohol extraction of the 
caseia for experlaeats gtmdying eitlitr % or factor 2, How-^ 
ever^ it is possible thmt factor S CQataiss a mmbmt of 
essential faotore and ttet saslieii mM&im »mF awpply on© or 
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mom ©f these faeto^rs whll& not supplying all of them. There­
fore, aleobol extraeted washed casein (basal ratloa lo, 1) 
was ttsed la most of the subgaqmeat differentiation studies* 
111 oases tha experltieots w&tb also ooatocted 
ttsing washed casela (basal ration Io.» 3) for the purpos® of 
oompajlsoa* 
Studies of the aultipl® natmra of faetoa? 2 
la ftactioas fr©» hog liv#r t.xti*aet 
fitaiaia Bi, flavin, stootlaio acid, and vltanin Bg hair« 
Bach teea isolated. Identified aad syatfteslsedl hut the 
aaiaing part of the wltamia B oo«plex for th« r&tj> referrM 
to as ff=-ctoy i, has a©t been, isolattd as a pui^e 
Studies to Invastigat© ths possible aaltlple aatiare of factor 
2 were coMuoted by teitlng fraetlong fTOO Mg liver extract 
as sources ©f fmtor B (tatlm fll and fill)* 
I^aetlons fgoa afeirit® adsorgtioii ae aoarees of f&cto? 8 
The data frm fmdlag expeyimeata with fractieas fA 
mnd 7Bj p^ep&reA bf aorlte Maorptloa of.the factor 2 
fraction from hog li-rer extract, are smiaartKed la table ¥11. 
three wtefcs old rats were med. Ig these expgrlments sM basal 
ratlQii lo,. 1 was eaployed. fltanln B-i was empplied to all 
grmps as 10/ of ori'stalllae vitaala p&T mt pm day, 
20 y of flavla pet rat pmw €ay were supplied la t'h© foxm of 
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0^02 ml, ©f elmt# (lisbeo—11 grade) ^  sjit vltaMn Bs was 
supplied by Bg eluate, fraction SB, ©Qutvalent to 4»0 g.« of 
rice pollsblEgs per rat day. Group F5 r@e#ive<i tbe 
addltieaal suppleaeat ©f norite aSsorbate, fraetloo TA, 
#qiiivaleat to 6,6 g« of liwet per rat per dajr; group M 
received tlie norite filtrate, ffaeti.oa 71, ©GulTalent to 
2*0 g,» of liwer per »t p«r dafj and group F? mmi-wm tbe 
Boxite sdsoirbat© ecfuifaleiit to 3,3 g, ©£ IIwbt pl\m tbe 
aoslt# filtrate equivaleiit to 1«0 g» of lifei* per rat p«r day. 
Growth wm practically Ideatioal la all ttire® gjoiaps (4,5 g, 
to 5»0 g» per rat per wset), »b©*ing no «¥ldtae@ tliat anf 
eeparatiom of factors in factor i fead oce-tirrti, c5roup8 ?18, 
B'lS, aad P30 received suppleaeiits sorxesponding to. those given 
to gromps fS, F6, aai F*? respsctlfely exempt tliat tbe l#vel of 
aorit® filtrate f0<l to group FIS was egnlTalent to 6#-0 g, of 
llTer aM the level of norite filtrate fed to groap F30 was 
#qiaifEleat to 3,0 g« sf llwer.. Group* ?18 showed an STsrags 
weefely gmwth of 5*5 g.; group F19 siiot#e4 an aTSifag® weekly 
grcjwtb of 9., 8 g,; aM group ¥20 showed -an average weakly growth 
of 8,4 g. Si ace group fl9, wfeiah -iid aot mmire tlie norite 
adsorb&ta, gave alaost aortaal growth, wMl© group F20 receiv­
ing botti norite adsorbats aad filtrate showed inferior growth., 
110 aepamtioa of faoto» in factor 2 wm lEdieated, Oompari-
S-QH of the growth obtained on n&rite adsorbate as tlie sole 
BQUTGe of faot©r 2 la groups F5 aM F18, with the growth 
ototalBe<i on aorlt# filtrate as the s©l@ soiifc# of factor § 
la grottp f6 iadleates that about 35 per oeat of tli® factor 3 
activity wm adsorbed m ao^ite sM tfeat most ef the r#®ai&». 
lag 75 p@r mnt was accoimtsd foic io th© filtrate. 
Fmotioas eQatlmg-as., a-dsorptlos sg^ao.urce of faetor 3 
Msorption with fuller* s ©si'th has proved ma effdctlf# 
iieame ©f sepasatiag flavia,, sad Bg ftom the flltjat®. 
It was found that a siiall quantity of fuller's eartli r©aof©d 
flavta, and latax It was feimi that largex qmntities of 
fulley*® ©aftb rea«ve-4 Bg. Ttile suggested that tt sight 
be possibl© toy properly adjusting tli© qimotlty of fuller*s 
eartb to fraatioast® the flltrat© tmtheT into relati¥#lf 
more adsorbabl® ao<!. lees adeoxfeatole fraetioae^ As a aiore 
efficieat and coavenieat method of coMmcttag fractional 
adsofptions on a large quantity of adsorbeat a ©.ontiauous 
adsorptlQii method of Modified '•etooaatograpfeic'' adsorption 
siaggest0d itself la place M the Mtch ia®tliO'd. In tlii» 
IB#thod iastemd <jf stirring a relatively saall quantity ©f 
adsorbent iat© tii« solutloa, filterii^ aad rep®stiiig several 
times witb fresh adsorbent (tostcb prooass), the solmtion 
to b© fractioaatM was slowXf passed tfero^%*h a coluam of the 
desired quantity of adsortoeat aa4 fraetioas were cttt in th® 
filtrate delivered froa the feottora of the eoluaa, Tbe first 
fraction., to be deliTered reprfsgented tbat portion of 
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th@ solution unadserMd, and sseend fyaott&n "B" repm-'^ 
seated tii© fraotloa whicb was sligMl|- ads©rt#d toUEt whlcb 
was eluted bj a small velwm# of Cwatey)* 
Pos the prepsjTstioa of fmotloms Si and 9B, the flltrat® 
frois flmin adsorption of piirifiei ll^eir extraet,. equivalent 
to 4,5 kg, of liver, was subjected t© tbe mntlmmm bAbotp* 
tloa treatseat using a single coluaa CGiitalnliig 1.0 leg# of 
Sagllsh fuller *e eartb.., Thesa f>rep»atioiis hafe been des­
cribed previo-aslffh.s feeding experlaeate in which fractions 
9A and 9B w©r@ tested as souroee of facstor 3 ar© sufiiaaris&d 
la table fill, light wteke old depleted rats mT& used la 
isroup® Jl, M, and J3, Batal ration Io«, I wm m&4. a-ad all 
tb.ree gromps were gireri suppleaeiits of 10 V of cry®talllii« Bj, 
20 y of flawin C0»02 ml. Labce Laetoflavla—grade), and 
Bg elmate (fraction 6B) equivaleat to 3#0 g# of liver psr 
rat pet day, &ro-up Jl, fee-eiviag tae additional suppleaeat 
of fraotlori SB equivalent to 6»0 g« of li¥er showed an 
averag® weekly growth of 4,8 g, firoup J2, TBmiving fraction 
9h equivalent t© 6«0 g« of llTer, showed 6«5 g» averag® 
we«klj growth, Gromp J3 recelfed fraotloa $k equivaleat to 
3.0 g. of liver plus fyaetloii 9B equivalent to 3.»0 g, of 
llvsr, S-rowtb on this group was 6.3 g* per rat pet wmk, 
Thme reattlts failsd to show mj eepa-ration of factore la 
factor 2, GQupaxieoa of groups J1 aad J2 shows that a greater 
part of the facto? 2 activity was recovered la the \ma€sorl>®a 
fraotioa 91 than was reesvered la the we&feiy adsoxbtd fj-aetioa 
0B, It e#©iitd possible tliat %h& i&iXme ts separate tw<» 
factoirs of fmto^ 2 la fraetioa iA and Si miglit • hav© hem 
due to tliQ use of m lasmfflsieBt quaatitf of fuller*e ®artb» 
It aigtit also h&m feeea eamaed by coBteolaa-ttUB -of eaoli 
fraetion witb the ©thei', wiileli wo-mld "be partleulaxlf likely 
to Qomt is the last pertioa sf the mfidsorbsd fj-aotioa aM 
in the first portion el the weakly fyaetloa. To 
reii'uee tii@ probability of smh centaiilaation ia tbe prepara­
tion of fraotisas lOi aud 101, tbe last portion of the «nad-
adfbsd fraetioa sad ttie first poytloa of the watlf adsorbM 
frastisii mme discsardeA, The &munt of fuller*'8 earth was 
lnortased for tfaeae prepBrations (lOA amd lOB) so that 2,0 
kg, ware used per 4«S Ig, of lifer. ?he pfsparation of 
fifsctioas 104 asd lOB !iaa b&ea deacrihmd in detail la a 
pi?e¥lous sectloa. UiiadsQr"b@d fraction lOA aM weakly adeor-
bed fmcttcsn lOB were tested fsr t-beir factor 2 giotivitf 
la experiraents suiaiaarlEed in taiJle fill. Three weeks old 
rats w-em tised tn grompi J4, J5, aad M aM basal rstloa Ifo» 
1 was used f&r tbese groups, fm miorogmms of eiystallia® 
B..J, 0,02 ml, of lactoflavin eluat© (l»aboo—2SK gyade), and 
Bg aluate {ftaotloa 6B) dqmlvalent. to 3,0 g. of liver per 
rat per day were gi^en to all tteee groups. Fractions lOA 
aad lOB wem B&oh fed at levels equlvaleat to 4,4 g, of liver 
whea sdittialstef'ed singly^ -aad the fxaottoas were eaoli f®4 
"110^ . 
at a level ecfulvaleat to 3«S g, of liver whea they were ad­
ministered together.. Average growth was 3»4 g, in 
group J4, yeceivlag fraction 10A« la gromp J5, wMoti mo^iv&d 
fsaotioii lOB, a growth of 3,8 g, per 'rat psr week was obserwd. 
Both fraetloas 101 aM lOB were to gremp In whieh aa 
a¥erage weelcly growth ©f 3,»4 g, resulted, Thase results, 
lifc© tiiose of groups Jl, JS, end J3, failed to deaoastrate a 
gepsratiori o^f factoris ta factor 2, In the ease of gs*©up8 
-J4, Ji and JS, mom of the factor 2 aotivity was recQT@r©d 
ia tbe weakly sAeorMd fyaotloa tfaaa was recovered in the 
mad8-o.rbed fraetion. 
GxQmth oa the '*complete® diet f®4. to group J6 aad J3 was 
b®low what ifouM be expected if all of factof 2 bad heeti 
reoovered la tlie madsorb®d. md weakly adsojpbed fmetloas. 
It seemad possible tbat mm additional factor {pesslblf 
f&ctor II, the aleotiol-«ther--preaii3ltate fraotioa) alght b® 
lacking in both, of tbe fmctioas recovered. If sucti were 
t!ie ease J. aay ssparation of factors between ttiese two frao-
tioas might liav# bsea obscured by this Aeficleiicf of W la 
tooth fractions. In the cmiree of purlficatlom of the llTer 
extract am alcohol preeiplt&te fraction heel been removed as 
has teen described im a preceding s#etloii, .This alcohol 
precipitate, frsotion 6D, was added to tfee diets of g:coiip 
J4, J5^ and M at tlie beglimlng of the sixth week of these 
experlaents. flie precipitate was fed at g leT©l equivalent 
•in­
to 2,0 g« of liver* Icsml 'stimulation of growtb was piroduced 
111 all three groups,, fherefore m iadioatloa of a separatieii 
of factors la fractions lOA ani lOB was reirgaleds The growth 
promoting activity of th& precipitate may baw been dwe t© 
Its supplying a factor not present la fractions lOA and lOB^ 
but It rasy Just as likely bave toeea dug to the preelpitate 
supplyiag tsore of the same - faetor pmsent 1b fractiona lOA 
and 10B«, 
The ettj>pleaieat«y effect of fjesetloa SB and alfalfa. ti©al 
as sQmms of faetos 3 
Ivldaae# of a aew t9.Qtm in the B QmpleM. 
In a stmdy Qf ttm factor 2 eoatent of alfalfa raeal^ 
oertaia assays were performed la wlilcb vltRrala Bj was supplied 
as the crystalline vitaain, wiill# in otber similar asBsy® 
th® ¥ltaailn Bx adsorbate fraction 8B was used., A raarkM 
difference was obeerved in the growth- and appeaxance of th© 
aalaials reoeiTing the tw© diffgreiit souxces of Tltamin 
tbe growth and appearance of the animals receiving fraction 
8B was far superior to the growth and appeamiics of ttie 
aaifflsls reeelirlag: crystsilllne Bx, slfho-agb. a.Aequate vltsiala 
Bx was supplied In botli oa,ses, fhis siipplementary effect of 
fraction 8E and alfalfa has teen desCTibed in a prellRJlnarf 
publication by the a.utbor (146). fxperiaente deslgoed to 
study the sature of the suppleoeatarf factor supplied hf 
- im 
fra^tioa SB me Bum&sximA in tatole II, 
Three weeke ©14 rats were -osed. ia all the gtonpB of 
table II except groups ISSa, 125^,. aad S25e» Basal ratios lo.* 
1 was fe4 to all grome tmless otherwise gp©c-lfle4« G^oiip 
1.25 xeeei¥ed basal ration suijpleiaented wltb er^fstalllne 
flavin, and nieotiaie aeid, along wltti 0«'30 g« per rat per 
ciay of iilfelfa ta@al as the eomrce of Bg and factor E, fhlg 
was ealled the SB-free dlet> On this diet restricted growth 
(4,5 g, per week) and an unhealthy appearanc® resulted, k 
weekly growth rate of S»2 g, W8.e observed In group ICS? wh®r@ 
frsetion SB was substItutsi for th® erystalline Bi in a diet 
otherwise Ideiitle-al witli tliat fed to grottp E35« A nora&l 
healthy appeaxaao© was raalntaine-d In the aalfsals of gr»"ttp 
E27, Mditioa to the SB-free diet of Be eliia.t© (fraction 6B) 
faad little or no effect, la group 135, wMoli received tli@ 
% elmte equiTalent to 3«0 g# of liver per rat ptr day, the 
average weelcly growth was oaly 4»S g« la group 148, wbieh 
recsiT€d Bg eluate eciulvalent to 10.«0 g« of li^er p@r rat 
per day, an average ?#eeklf i^rots-th of 5,8 g« was obtained, 
ftiese rsBialts showed that Bg was aot ths •'8B factor" Ctfee 
factor lacking in the SB-free diet and present in fraction 8B), 
Further evideiioe that was not the 8B factor was given by 
the response of a Bg free groupj, dtiring the fifth week of 
depletion,, to the addition of 0.15 g, of alfalfa per rat per 
day. this group (group KZ&b) wa® protected fro® tbe Bg 
113-
deficienef syisptoias Cacrodyaia) and gsm 5*6 g» per rat per 
week for a period of five weeks; whereas the Bg-frs@ Gontrol 
grsup U40 showed little growth,, and three of the six animal© 
iB tliis group dsTeloped savere acxodyiila sM died in the third 
and fourth weeks of the test# 
A. doubled leval of frsatloa 3B (O.IO g.) falleci to 
support growtii and lif© as tbe sole sourc© of factor S for 
group IC33fc ?ery little growtti oGourrad after tlis fifth weel 
la^ tills group. The rats developed severe defielency syaiptoffls 
such as alopeoia,, d@raatltls, and bleetllag af the paws and tbs 
nose# In some cases the eyelids stuck together, and there 
developed a paralyais and a puffing up of tbe ekia of the 
face with heinorrhagas beneatli the skin, Ooly one of tbe six 
aniaals- smrlred ttie tenth waek on this diet, A doubled 
level of alfalfa C0»,6 g,) glmu to group 139 ae the sol# 
source of factor 2 produced growth inferior to that obtained 
with 0»3 g, of alfalfa plue 0.»05 g, of fraetlon 8B In group 
I27^ fheee data show that the effeet of fraction 8B on the 
alfalfa diet le aot aitrelF addltlm, Th© results show tbat 
rats require at least two factors of the vlta»in. B complex 
in addltioa to Bx, flaTla,. nleotiaic sicld, sad Bq. One of 
these factors is supplied hy the alfalfa; whereas the other 
fs,.0tor is present in tbe fuller's #artli adeorbate from rice 
polish extract (fraction SB), fhf latter factor was called 
tb@ SB fsetor. 
-IM-
Mdittoa of 0,3 g, of BQlasses lo. 3 per rat p&x d&f 
to tile SB-fre® di©t pfedueed &o a¥@rage growtb ©f 8.5 g» 
per week la group 130. Tbis rewals that 0*3 g« of oslsss®® 
Is as good a eomrc© of tb# SB factor as is 0,05 g, of 
fraetioa SB. Yellow cora was iacliidtd at tb® 0»3?5 g,» per 
rat per day level with the 8B---free diet for grotip 128,. 
Qsom IS8 showed aa aferage weekly growth of 6»5 g. The 
data denioEStfat# that yellow iorn supplim a certain arftoimt 
Qt the SB tmtml 0.3?S g, of yellow oorn apparently smppllts 
one-half tli© aaount of SB factor ooatained ia 0,05 g., of 
fraotten 8B. Group 126 received ws8li©d essela (basal ration 
ilo. 3) along with 8B-fr#e di@t< This grmip nade sa averag® 
gain of 6,0 g« per week, Indtsstiag that washed ©aselii supplies 
a <?Oiiaiderable aaoimt of tb® 8B faetor, Tii# fuller *s eartii 
adsorbate froia the concentrated s,lcoholic extract of washed 
casela (easelii extract adaorbate) was fM t© group 154 at 
a level equivalent to 2^,0 g, of »a«h©4 easeia; .group, 154 
also rec©lf®d tlie 8B~fr@e diet. Growth lo group 154 wm 
4i,0 gm per rat per w@©k, whicb Indicates tbat tli© ostein 
adsorbate is of no falue. as a source of the SB factor* 
Factor 2 concentrate from hog Xivev (fTaction 6G) was fouKd 
to he aa effective eouTm of tlis 8B faotor. Gro«p 15?, 
reoeiflGg factor B coacentrate equitaMnt to 3,0 g, of 
lifer plus the SB-free ilet^, responded wltb an a.verage 
weekly .growtli of 7»8 g» Group 158 reeslysd factor 2 oo»-
H5-
©tatrmt© ©Quivaleat to l,S g» of liver plus the SB-frtt 
diet, aat tMs gm'txp ©ade aa avemg® weeiclf gala of ?*0 g. 
Til© stability tli© 8B factor to li@at la srcalla# 
solutloa was is?«stlgated, flit actl're prlaoipl® was eluted 
fro® 'frao-ttos 8B, aad a portion of the eluate was tieatsd ia 
alkaline solution as hm ptmiomlj desorlbtd tot th© 
pi-eparatioa of fraotieas SO and. 8D, fery msrly identical 
growtii rates wnm prodmoe^. bf add lag tii© alkallaa heated 
eluate Cft&ctlos 8S) and the uiilieate^ eluat® Cfi'sctloa 80) 
to 8B-"fr©e diets. Fractions 80 aiwl SO, ©aoli at levels 
eq«i¥aleat to 4,0 g« of tlm polishlngs wme aM®i to the 
SB-free diets for groaps I25b, K2Sc, Animals mmbA In groups 
f.25te, I35c, and X25a h&A bees recslviag tiie 8B-fre€ diet 
fQT tea weeks prior t@ t&@ testing of fi-aetloas 8D and 801 
tties© -anisals were showing m average growth of 4»0 g, per 
wsei, aat about tw^-^tblrds of tli© aaiaials thowM eymptoffi® of 
alop#oia miA tealy Q-eoup SSia, the aagatlw 
eontrol group, was Balataln©d ©a tiie SB-free diet during 
the t#st peylod; the aniiBaXs of this greup coatinu^d te 
glve^ a restricted gimth rat# of 3#i g. p&t week a,aci failed 
to improir© la appsaranee, (Iroitp K25b> xecalviag fraction 
SB, gave aii gv«rsg@ weekly gain of 7«1 g,; wMle group I25c, 
^eeelvlng fractloia 80 gair« aa average w®«kly growth of 7.5 
g, Tb© alspeela aad dexaatlti® w#r@ ciirad ia groups I2ito 
and I25o# The efftotlvsness of the sl'fcallae heated SB eluate 
U6-
Cfrmetioa SB) was alao demonstrated la group 155, Group 155 
xeoelved tb© SB-fi-ee diet pltis feaotioa 80, @quivsl@at to 
4*0 g« 0f ric® polisMags, aad aolffisXs of this gfemp stowed 
an average gtowth of S«1 g* p®:r week, Tmm tbes# findings 
It is evident tbat th® SB factor is quit® stabl® to heat In 
alkalim 80lmtl©a» 
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fhm Matfilmtisa the fltanias of 
th# 1 0ottpl#x i». 0«tstii Foods 
fbey powd« as a Bousm ©f tltaaia Bi aad Titaaia G 
The fmMug ex|>#i'io©ats lii wMofe wli«f powder was tested 
as a source of vitsntas !](_ and Q mm suwAsxim^ la tabl® !• 
Four weks ©li rats aod basal rattoa !©.» I w®r@ used la tbes# 
experiments, Wh@f pswder was f®4 for three weeks at 5^ 10, 
15, 20, aacl 35 per ©©at Itvals^, as the sol® sotiro® of Bi and 
0, to groups IS, 16, 1?, ISj aad 19 r@sp#oti¥eIf, and tb©» 
0»05 g» per rat per of wltamlu adsorbate was added, 
lh& pria&ry deflGleney of the levels of vAey powder toelow 
BS per cent was vitaaiia Bi a® is slwwa hj tiie iaar-k@d laertase 
la growth oa thme Ipvels following the aMttloa of the 
•rttaaia sdsorljate, litli the add#d vitamin Bj adsortoate 
praeticslly noriaal growth was obtaintd oa the SO per cent 
l@f©l and on th© S5 par mnt IstsI.. Tbe 5, 10, and 15 p®r 
oeat levels showed aterage weekly growth rates ©f 3,7 g,, 
4,8 g,, and, 6,6 g,, before addition of Bx edsorbate., and 
6,3,. 8,5, and 9,4 g, reapeC'tifelf sft#r toeiag gupplemeated 
witb the Bi adsorbate,. Oale^lated in tb® basis of the averag® 
weekly growth rate of group 16, wtity powder ts indieatsd to 
ooataia approxlaately S,3 mlts of vitaialn B]_ and 4,0 imlts 
of wltaaiii 0 per graa» Group 16 atiowed an average fooi 
coaamaptioa of T,0 g« per rat per daj. 
•XIS-
Molasses as a sonrse of th® B esapXex 
fQm saiiplas of isolasses were fiJ-st tested at various 
levels m a soufe® sf the total vltmin B etjoplex. The 
results ar© su-SBaariEed in table II, Four weeks oM :rats 
aad basal ration l-o. 3 w@y« used In group® 45 thi-ougb 55, 
Molasses lo, 1 (blsekstrap) at the 25 p@w cent l@wl supplied 
eiiougfe. of til© total B coaplex foT & growth of 10 g» pey rat 
p0T w@0k in group 33, tout this uolassss at the S.O, 7,5, aad 
15 per oeat levels fed. to gromps S0» 31, and 38 gave very 
little growth. Molasses lo. 3 (tetlmd) produced oaly 4»0 
g., ETerage weekly growth wli@a fsd to group 35 as the eol® 
source of the B oooplex, fii6 25 per seat le^el of aolasses 
Mo, 3 (blaolatrap) gave an average weeklj growth of 9«0 g» 
la group 39, Molasses io* 4 (Iswailaa blae&etrap) at 5»0, 
7,5, 15, aad 25 iser oeat Isvels gave growth equal to that 
obtained on molasses lo. 1 at tbe s.ame levels. 
Mdition of 0,5 per ceat Bj coneentrat®, fraction 8B, 
to the 7,5 |>®r cent letel of molasses lo, 1 gsire dlstiiiGtly 
better growth,la group 47, thaa that observed oa 7,i per 
cent mol&BBes witho'ttt aMed vltaaln Bx, wbll® addition of 
vitamtn CS- In the form of 10 p#r cent of autoolaTed yeast 
gaire so Incroassd growth (groap 46). ftois showed tfeat tb« 
lltiltiag factor was ^-ItaolB Bi, Food eonsiaiaptloa was oaly 
atoout 5,0 g, per rat per day in group 47 so It was possible 
that the aaiaiale etill did aot get adequatt vitaaln and 
that tliis faetor was still lialtiag growth, Thtrefore Ib 
•"US— 
8ubs®gii«at 'mrk wh&m- fitaniu Bj or othei- vitamiH eoneea-
tratsfi were added, th@»© were- sttpplled as a dsliaita quaatity 
pmr rat i>©r day iastead of being ineei-porat©# at a given par 
cent lev©!,. IJslag this' tscjliniqiie, tiolaeg®® lo, S and aolattes 
io, 4 wexe tested for their- -rltaalii CI ooataiit hf fsMlng ?.5 
and 10 pBT cent Iwels.^ tuppleaeatei wltb 0»05 g# eoiio®a~ 
trat© fxaottda SB per rat pm day, fha results of thee® 
groups |49,, 50^ 51g and 52) show that aolatsee So. 3 and 
a^iasses io, 4 aach supply ©rnougM Tltaaia Q at the 7»5 per 
cent le^el fo^ aa average growth of S,0 to 10,0 g« p©r week# 
flat @ff©et of sllowlttg the rats mmm to thely feees 
•fey omittlag use ©f sorata bottoms la the eags@ was investi­
gated, Wbea 7,S per mtk% of oelasses was fed withaut soreeas 
Cgroyp 53} gT'owth was muoh b@tt«r tlaaa where screeae wmm 
u8©d (gTOiip 31).. fbe average weekly growth rat# la group §3 
was 6,8 g, for a period of twelve w@@S;s, fht oages were 
elesaed every two weeks during tbis period with the exception 
of mm oleaalng wliicli me delayecl two- w©efc0 maktag a 4-.weei 
ioterml. At the ea€ of tliis extended interval the aalmals 
were gaining at a xat@ of 12 g, p^x week, IMloa-tiag that if 
BQmem not used aaci the cages wei-e aot firequsatlf 
cleaned It wouM b® possible to g«t aormal growth on ?»5 per 
cent nolasses as th# sol© s©urc© of tiie B coiaplex. 
Group® 56 %hmn^h 6? wem used for tbe assay of flsTln 
la fflolasses los. I, 3, 3, and 4, fbres waefcs ©Id rats and 
•lao-
bas&l fatten 3 war© used in these ttsts, sad riolagsss was 
fed on til® weiglit basis mtlier than tiaa perceiitag@ basis to 
avoid the effeet of the vaxiatole food coasMptloii of tli« 
aalffl-als. Itolasses les. g,. 3, and 4 wme @a,©ii at 0,15, 
0«30, aad 0,60 g* l#Tels supplement©d witii 10 Y- erfstallltte 
vitamin Bi par fat p@i' day* Tbe r#siilt% as ia 
tatol© 11» sbew little qt m grswtli mn mj saitpl© at tb.© 0,15 
g» l@fel, a quite mlfora growth, of 3».5 g. weekly on the 0.30 
g, level of all samples, aad a growth of 7«0 g« pax week oa 
all samples at tb® 0»60 g# level. fJiase yegwlts ahm tbat 
all samples coataia about 3.S uuitB IcorMspoadiag to ShexiBaa 
laalts) of flsvla per gsa® or about tea isieTOgrata# flaTia p«r 
grsa, 
fhat tli6 faetoy ieterffliasd a.'bme was flavin was pro¥e4 
by the results of group 111 whish yeeelved molaese© lo, 3 
suppletieated with 30 Y of flavia in addition to tfee 10 Y of 
¥ltaiaiii B3.» This group gave aa avtrsge growth of 6,0 g» 
pQt week eo»paxeci with, t'm 3,0 g, :p«r week obtained without 
added fla¥ia, fti© growth obtaioed in Qtoup 01 was €-uplieat@d 
ia gr©up 63 reeeiviag sa added suppleiaeiit of gb© mlHigraa 
niootinie aeicl per rat p®* day, aod im graup §4 reoei^lng the 
added suppleaeat of 0*05 g. fraetioja SB ia plae© of the 10 Y 
of oxystalliiie vitaaia Bj# Tbis sh^ws t'lie coatent of the 
third liaiting factor in nslsss#® 3 to to® about 6,5 mita 
pes grsa. The fact that addition of miaotiaio a«iA, vitamin 
-Itl-
% (in fi^etion 81), and tli® SB faetor {In fyactloa SB) aH. 
imllmd to laproT® growtb shmm that tli@ tMM liaitii^ factoi? 
In ittolAss®® »o« S ia a fa©t©r of tli® f«ct©F 2 fractloa and 
Is diitinet fF®a irlt®«l» fMvia,. ixieotinle a®id, ¥ite-
min Bg and tim. SB fuetoa?-. 
Wilt® GGTWk as m Bmmm ©f licotlale Aeid aM ffeetef 2 
Wqt th® @3E|j«fl»©ats ©a wMt© ©ora (tabl® XII) tlire® 
w©-®ks oM p«t» t&kmnm »tlo» no. 1 was tt®e€ lu 
taies® @xp®3?tii@nt0» ^xlt® eom vma fed at la-rels of 1#0 g* 
and 6»%» p®!" rmt per day, along wltii 107 of eyyatellin® 
% antl BO/ of flavin, as « sow®® ®f th« ^lts»im B 
eomplex* Ttet© mmmgm wmmklf gjwwtli ipat» in gyoixf II,- r®e®lT-
iug 1#0 g-» -of whit® mmrm wms 6#.0 g«| la group IS, f@©@lTiJ^ 
0»S g* of wMt® eora. It was S#0 g« Wfesu tli© aai® diets 
8tippl®H»ent®€ with 1 ag* of nicotial© aeid p®F rat p®3? dtey 
w-®r® f®d to group® 18 find IS slightly bett®r growSis C-6#i g*) 
«i»l S»9 g.,) w@ro ohtainod, attfi a l>@tt®r app®aran©@ of th® 
animals -r@sult«d indleating that nlootinie acid was the 
IteltiBg factor im dists II ®nd I5« 'Shy® ^ta iBdieat® the 
oontent of whit® eorn in aieotiuie aeid•to b® approximately 
S»0 \mits # 
Factor S m# dteoastr«t®d to b® th© limitlJB^ faetor in 
tim diet giwii to gromp IS# kmrng® w@®lEly growth in this 
group was 5#9 g» durii^ tfa® eight w®«k assay period# At th® 
of tb© ©ighitto w«©k firaefeion 9k t© S.»0 g# of 
llT©!* pmr T&t p®-3?- day was ioeltidsd ta th.« diet fo^ thi# ^sNi-tip, 
ftfMl an avepftg® W0#kly growtli of ll,t §• r©»«lt#«l«, AeeoMixig 
to th® growtti oljtmln#d a-arlng tim first ©iglst we#ks ©f 
assay tto© eoat©nt of wMt® com ia faetoi* S is S»6 mits per 
gmmrn 
Alfalfa Kssl, T©llow 0©ra., 'telled Qmm 
Stafeii, ftiid fish l©al as S©mi»e®s ¥tt«ffllmji 
«f tls®^ B §o^l«x 
AsB&fm of alfalfa »®1^. yellow mm.g. imllad ©ats, com 
fisJi i»8il for ©©rtftia vitaBiBa ©f t!»@ B eompleie 
sr© ®tafflMarim®d in tatbl® XIII. Wm tto® imvestl^tloR of ti® 
tmtm 2 eonteat ©f alfalfa m&ml tte#© we®kB oM rmtm w®r® 
ttsed* Basal rtttiom no* 1 or btsal rati<m bo» t mts u&md as 
is iaaieat©^-., Gr©tip» Ml, Hi, ai^ .US ©acsH r©e#i-tiMa basal 
ration irnm 2 smpple»iit®d wife 0»C® g« of frt'etioa SB^i tO 
of flsTin, 1»0 »g» of aieofciaie a.iid a giwa 1©¥@1 of 
alfalfa ii@«l p@r rat per «lsy« Orowfeli r«t#s of 6*2 g#^ 8«t g-#, 
aM 10,0 g* per w#®k wem ol>s©rwa im. grompa HI,. KU, a»€ 
KIS, r#e®l-rii^ tb® 0»1S g», 0.30 g«,. aafi 0»S0 g« lewis of 
alfalfa seal r®sp®etiv@ly# Aeeordii^ to tli® data of groap 
Qt fee content of faetor S i» alfalfa meal is approxiiaatsly 
7#0 uaits per gra»* CIroup ffi*? rdoaiwd « ratioR id@ntie«l 
with tbe ratio» msed is group US @xmpt that Msal ration 
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ao» 1, eontalJiing aleehol ©xtaraeted washed ©aseia ws 
stltat®(i foi* tasal wttion a©# 2* Ssaetly t3i® same growtli 
rat® (8*2 g» per rat p©F week) m,m o"bs©x»i'©d in gromps nt 
and However, when erystallise vltaala was used. 
Instead of f»ct£on SB, In the ratioa gifon to gvmp 125 
only 4»5 g# airerag# weeMj grwtii was obtalnedi, fh© llalt-
ing faetOF in th© dl©t of IBS h&a hmn dteseribM pre­
viously in. this thesis «wl has hmn ©.all«d th© SB f&etor. 
From the grow& of groap I2B alfalfa is IMleatod to eontain 
4»0 mits of tht 8B factor p#r gims# 
Bettor growth was ohtaimod in groiipi US, Ml, and Xg6 
^ero aiootiaio aeld was added to the diet th®n was obtained 
in th© eorreapondlng groups ItS and K14 wher© nieotlHl© 
aeld not ®dd«d-# fhorofor® it is indicated that g» Gt 
-alfalfa -doos not supply adoqmt® nlootlnl© aeid» Sine© « 
soiare@ of th® othor faotor taiown to b© fre© of nlootinie aeld 
wa« i»t avallablo th® e-ontont of nleotlnie aeld in alfalfSi 
could not b® -d@t@rmin®d» but It is indlcatod to b© loss tMn 
5*2 units p®r gram* 
Sroupe %B, S7, EB and W were plaeod on ©xperlmont to 
dotoraln® th® aiaoimt of factor 2 pro sent in yellow eom and 
In hullod oats« For all four groups ©i^t weeks old depleted 
rats and basal ration 2 were usedf auppleaents were given 
of Wy of erystalline 'fltaala Bj., % elwt® equivalent to 
2#0 g» of ll-rer, 1»0 of nleotlnie aeld, and 20/ of flavin 
per wit per day. Yellow eorn at the 0»75 g» per rat per day 
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Imwml Cgmip IB) pp©dti©©d a grow'tfc mf i«0 g* rat pmr w©®k» 
Qwmxp 1? reeelved 1#S g# of y®ll©w ©©ra and «h©w@€ an avewkg# 
w©«klj gi'owth of 11*0 g# ®»B® data indlca^t® ttiat yellow eora 
eoa^ims la tli# n®%lib©3Pboo€ ©f ©f fftete:? S per 
g»B. O-Kstip ffi OmW g« of tetlled oats «»! mfl® aa 
mwmmgm ws«kly g»ln of 11 •£ All© 19 F«e®lve€ 1»5 g# 
®f hailed oats and aljo«®4 an «v#rag« weekly gain 0f 16*0 g» 
By tti© F©sult» of group ffi tolled eats Is fhcMHi t© eon tain 
4»S imits of fikctor S gw^a# 
O^otaps 1?, Mg^ an# If w©r© gives eorn st»reli,, fisBi »&a3.|, 
aM a coirt)lMti0» of eorn starels sad fisli vmml aa mimrmm of 
fact©F t« 1^®e w®eks oM d®pl©t#d rats ir#i^ aaS all 
grofttps i»##®lw€ «ittppl«®Bts «tf 10 of ©3py8fc«lli» toy ©f 
flavin^ 1«0- »g» of nimMjolm aidd, «»<! B® ©lust® 
t® S»0 g« of liw:r p®F rat p#.r d«y» SFimp I? a t>asal 
ratl0B i4®iitl«*l wife basal ratios no# 2 ®x©®pt tlmt «om 
stareli was used In plae© of aueroa®! tim hmml ration •ased in 
grcmp If eoataindd 18 p&v e«at waslied eaa®lii,. 3*^ p©r ©©at 
#alt i^xttire# €mQ per e«mt md liwi» ©11, aM '?4«-S p©p e«iit 
e®m a%»T^m §i»ottp 18 wm%twe& tfe® smm fcasal Mtlo» as dM 
groap If, «»4 In additloa gf»<mp 18 0»S g» of fiali 
««al p©F rat pep 0roup 19 rmm®iw@d basal p«ti©a »©• t 
0,§ g.. of fish wmml* Orowth e@a»®l oa all tte«® gyowps 
aft©?- til® tMpd week .IMlcatlag tl»t m&pm st««h and f IsH 
wmml eoataln llttl© or ao faetor g. 
wmmsBtm nam® 
Ife© fipst studi®# m tbs aifr©r©atlaitf.©a. of tim TitaMia 
B somplex iato ^rltanln %, flavin,- «ni Bg |gi?©«s« 1 to 8f- in-
elmsi'T®, tabl® I) f«ll#d t© r^voal. mMmime ®f smpmmtton of 
flafln amd %• ®iis fsilttro was -eattsM bf 'tia® -refj iaeo®pl«t« 
adsofptlom of flavin th© fmll#r»s ©itrtlt# ®i® flairin ad-
soi?Mt« was as at s«mipc« of flavia, and tim Bg 
»ottiHS® was higbly eomtaaiiiated wltli flavin# B©tli ©f 
facts wem md© known % pssmlta of eolo:ri»ti*i© »«%!«• 
tloM ©f til® :navin Is tb® t»o 0om®at»t®«« Wtoii tli® lnwl 
of flavin was imreased l3f iisliag a "SMTgBT tmantitf of a wsxte 
potent eomeemtimt©, aad fla¥l» i*©®iii»liig ia tl» filtmt® 
(Bg) fi«ctloa was d@stroy@d toy atitoelavlBg. «t an all^llii® pH, 
it ms found CgTOnpat 11|,, 12 SEod IS) that t^tli fjmetiawi 
nee©ssai?y tm grmth and llf# of tim rmtg in agpsaaent witto 
tti© r®8tilt@ of Qy©r.gy* fte# poiat# M©atioa«d mlsov© ar® wortixf 
of iiot«^ slue® they dteoastMt® how -eaftlly th.® eoapl@3E imfexr© 
of a vltaalB fi?aetlon earn «s-eap@ d«t@etl©ii if th© l©wls of 
any ©f thm mupplesmintm mm t®© l©w, w it s@par®tioii» ar® in-
©<^l©te:, 
1&© results- of th« «xpsi»l3®®'iit® ©f •faibl© II, whleh, w©^ 
d0sig»©d to study th© dlfferentlAtion ©f flavls, Bg, aisfl. fft&-
toi* 2 In wJi@y powdte-r ©xtraet f»etioQS and la «ol«-sses #xtFa©t 
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fmetioRS, w%m soaewMt obseiup#d by tls® us® ©f limdsqmt® 
l^mlm of tb® faetor S aup-plemenfcs# tim results in-
dleatM that adsoi-ptloii of B@ miA men adaoipptioa of flavin was 
T@ry Incomplot® fi^  ext»ots of msl&sam i^l« In th© eas® of 
who J powdoF ©xtraO't eompl®t« i»®mo'«l of the fla^rla hj adsojpp-
lioa wmm Indieatod* ®i« Ipregmlsritios ia i?®spoiMS« of aBlnmls 
In th®s® ©xperlmenta ai well as im th# pr«'rlotts ®3cpe2»iHi©iits 
of taM© I were attrlhmtsd to th® offsets of th® doplotioa 
period# ®i©r©for« th® doplotioa period was oalttod ia later 
work, and thro® weeks old rats wero «s#d la ordor to got th® 
animals with as saali a reserve of th® vitamla B eomplox as 
posslhl®. la the sttisllo® oa rle® polishings oxtapaot frao-
tiona C'tehl® 111), to aToid previoiis dlffl«mltl«s dn© to in-
siaffielent levels of stippl«i®iits, it w«» first d@t@nilft@d et 
TBhat lewis th© Tarlotifi fraetloiM irast f®d to giire good 
growiai on th® ^eoaplet®'* dl®t» feen ^@a® fractions, liileh 
wer® prej^ red fr« rio® polish ©xtraet, were f©d s©pai^ t®l7 to 
lawstigat® th® posslhl© tripartit® mtttr® of vltanin 0« fh®s@ 
groups also failed to »how- ©vldeiie® of this a©pi«itlon, ®1* 
feough th® leir®ls wer© ®d®qiaat@, and r«spon®© of th® aniaals 
•was satisfactorily lanifoim# Ind®®d, had later «xperlB«iJts 
with a different basal ration and. fi^ otlons pr®|i«r®d from other 
soiarees h®©ii in agr®®»@iit,|,, th®s® ®xp©rlHi®nts ad^t well 
h&®n interpreted as oirld®!!®® against tl» trlpirtlt® natur© of 
vitaffiln 0. However,, is th® light of lat@r ©vidone® r@port»ft 
in this th©sl8 and whieh is diseussed below it is apparent 
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that til© failOT® of thss® «xp«rl»©iit» to shsir tTm «@ptti«tiea 
wa dta® to ©ontiaalBRtiQa of th® fltaala at>sot»l3at® irttto 
vltsmia Be and to a .®ttpplf ©f » spiring a-©ti^  of factor t 
"bf tha -dextrlB used ia tti© toasal ratiott# Iteat ©wn a smII 
degrNi# ef ©ontaaiaatiom sight dtoseur©- Siia s®imratioa is 
indi©@t®d hj resmlta ©f I«pk@fiky,. J"ute®s mn& Eraas# C9S), 
wfao fo«al, lisiiig a basal ratl©a fuita fre® of tli@s@ factor®, 
that th® eeiilMiination ©f one -• fimetioa with thm ottiar was 
quit® ppoBCimsad in pp«i«rations fnm ri®® polisliings render-
iag til© saptratioa diffieult to ©atatoliali ®v0n witto a basal 
•ration fr#« of ©ontaalMtion# 
Cc3Mi«risoii of group® F4 aad Fll tatel® IT sbowa tl»t fac­
tor t eoncantrat# at a l©f*l equiTOlaat t® 1.0 g# of livar is 
iiiea|«bl@ of ffiftintaiaii^  growtii as a aonre© of fas tor 2 iteil® 
at a l©¥el of fa®tor 2 coiieantrat® ©qtiiTOlant to S«0 g» of 
livar growth at a rat® of i«S g*. par w®@& for aight weaks waa 
mintainad# tn tli@ work raported by Iiapkovsky and eoworkers 
(92) fthay apparantlj fount a IotoI of faetw 2 eoneaatrata 
Sfuiiraleiife to on® gram of liver to to© adaquat® to pr©»©to 
rapid growth when addad to th.® fa©tor t dafleiant diet# feair 
Imaal diet oontainad 10 per aant lard,^  wharaas th® diet of 
group F4 eontainad no fat othar tliaa fo«r par eaut of eod 
liwr oil» In view of the known -riteaia sparing aetioa of 
fat oa o^r »®»to©ra of tim vitami® B ©tsaplax it saemad fmita 
possitrle tliat thia ffiigbt explain tha diffaranea foiijsd hara# 
lhan 10 par eant of lard waa iaeludad ia tiia diet of gro«p KLS, 
•'IS®*' 
m maykei. laproTOffleat mmr rm&ultB &f group F4 iras mX" 
denfcjf g«>w^ ©» this dl®t was far "below gi^wtli ia 
Fll "Al#h s*®©@l"r®fi no lai^  imt wta supplied wimi faetor 
2 eoneentwit® mqul'mlmmt to S#0 nf livei'# Mditlon of 
10 p©i» e@nt af laM to tlie diet in whlcli fftetoi? 2 0Oi»€tatoit® 
w&m «ttppli#d at II lw©l ©fulml#iit t© 3*0 §• ®f liwr failed 
t© glTO aay imppo-TOiieat In gFwiai,, 0Fowtli oT5tal»@<S ia 
reeelflsg Isirels ef Bg eon«#nterot® ®f«.iml@at to g»j| 
4#0 g», or 8»0 g» of i*le« polisM'iigs ms praetleally tli® saa® 
In all sas«st  ^ showing th® supplmmnt of vitamin Bg t® b@ ai®-
qiaat# at; th® lowest le- l^# Bi« i»#sulti ©f grmp P16 siiowM 
tbat th© toftSJtl ratios mwA th® Bj, @on©«Bfe»^t® Cfyaetiou SB) 
w@r® quite fi*@® of f«©tO0P and giallai'lf gFomp 114 showed 
the "basal mtlom and vitealn Bg, and f«©t©p S ®iippl«m#ats 
t© to© time ©f flftTim# In th® ®xp@i'lii©ats ©f taM® IV no well 
defined vitaaiiii Bg d«fiei®ney w«» obtaiasd-, althoti^  gyowtti 
ma. th© diet, whleb -eo»tsla«d faetof S -©©n^eatspat© ©qtilwl@nt 
t© 0«® g» of liwr and wM«li also e©ntain@d «d©Qi«t® l0V®ls 
©f 'ritaain % and flwia, w«s l«f®ri©r to giwt  ^ototaiaed when 
©nlj ®ii@«Mlf tells qmntltj of faetor S eom®Bt3mt© waa f®d 
and Titamln % -Qtrnmntm^ wms also liictod©d« Tim ppiueipal 
soiire® of Bg eomtaalnatlon in tt» "Bg-fTO#'® dl«t was Isa th@ 
iPltaiBla Bi eoae®nt»at®g> fr®oti@n 8B, «s is sfeewn by ttm ip^'^ 
sulta la itebl# ¥1* fels ia in l»r«iny with, th# f indies of 
BariPia CS53 showed that tli® International Standard Tlta-
»ia Si ftdsoyMt© fi»«» aqu®©w8 rim pollsliltigs ©xti«®et ws 
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eoafeminated wltli vitMln. Bg# 
la the ©arllsF #xp©i'io.#iit8 Cfeables I# IIt and I?) 
©B th» diffey©atiaM,©n &f vltaala Q the ©rM® vltamla •% 
adserlaafc®, Cfipaefctoa 8B) i»«@€ a« a mtmrm of tl» iaaat 
laMl« fa^etlon. It was n«e©ssary to us® aa iapar® 
eisacea'totfc#, as it ao-ore# of ^tet.»la In t© sxtpplj 
anotber be-at 3a Ml# f«©t-ogp> B4# Emmwm, wtosa sfatiieti© 
ei«yst«llliii vlMffllB I3, -wst wllii tM •ritedlm % «d-» 
sorbat© tfy®e%los ®B) as « auppl®B©iilJ feo a«t©'«1.av©€ 
{tab!® V) It was t&mA t2i®t ia®atteml growtii was ©btjaln©  ^
wltti 1® of epystallla® vitasda 0#  ^g* ©f fm®-
tloa 8B ft@ & soare® ©f tii© Itoiti firaetlon# 
i.i©t pp«dii®«a mnj mjmpttmm of psi^ alfii® Cirlt«aiB B4 €®fiei@iiey 
sfaptim).. -at^s® ]p©smlts mhm tlmt tltenia B4 ®i®t b©l©ag 
in ttfc© pelatfwly b®«t slabl®,, ®p vi-toula S fim^tion of tli® 
eompltx. ®i© fteet tlmt It is Aestrofi^  by autoela^riiig at an 
altealii^  pi, a©eoMii^  to Kiia® ami. (82) aad 
Blveiijoa and ApboM Ct§), sbouM .not Justify eJsssifieatloa of 
Tltaffiia 14 a# any l©ss li«at stable tliaa tto© irl tenia 0 giwip ©f 
faeto^s,. sine# flavin, fee filtMt® faetoi*, ®n4 faetor W ar# 
als© d©stjpoy®d by beat in alkalin# s-©liitl©ii, aceordif  ^ to re­
ports of ®y#ffgy C4©), S'dkMm aad Ii@ptorsky C6i)j, «ik1 S^ost «b<1 
llv©lij®« (S9) r®®p@etlwily« 
Wita synttoetie erysl^ llin© B|^  was u#®d as th® sowt&& of 
ttie 1^«t labil® f»etiom Ctabl© VI), vita^a 1@ dsfieleney 
pi»®Bptly dewlopM ©a m dliet i» wMeto. only fl®irla and factcr 2 
f»ctloiis supplied as tli© somre® of tli© vitamin G com­
plex# Sine® th® vitamin % eoneeatrat® and the flaviii eon-
eentrat© w&re Bhmm In tatol# IV t© b@ ineftpatol® of mipportlog 
gTOwiai and life as tim mourem of vitamin. 0 ttaless th® faotor 
2 concentrate wfts ala® «cld«d, and, sin©© th« vltaiain Bg con-
©©ntrste and tlM factor 2 coneantrat® were Incaptbl® of sup­
porting growtfci and llf® as tim. smxrc© of vlteain G ml@»s 
flavin Wis addadj^  the abov© mentioned prodwetloa of vitamin 
Bg deficiency in the ppea®nc@ of adeqtmt© Bj., flavin, and 
factor 2 deflnlt®ly ©oapl®t®d tlue proof tbat at least thre® 
factors mak© up -^e vitamla B complex* ®iis is la agreement 
wltii tlie results of iMpk&WBTsf, Jakt® aad 
Incorpomtlon of alcotlnic acid ia "vitaiKin Bg-fre®  ^
diets, "factor 2-fr®@® di®ts, and in •^ccaoplet©" diets laid no 
apparent ©ff@et. 'Rm results thow tBat n@ltlier vitaaiin Bg 
nor factor 2 can b® replaced l?y nieotlEde acid for tli© mtrl-
tlon of the rat# ®i© fact tliat tli© ^coapleta" diet was not 
improved by th© addition of nicotinic acid diwonatimtes tliat 
tls® r@qulreiMnt» of the rat for nicotinic acid ar® supplied 
by th© factor 2 and vitamin Bg concantrates ©aploycd* Sine® 
llvefej®® and coworkers Imve isolated nicotinic acid fro® 
fuller*® ©artto. adsorption filtrates jftpom liver ©xtract, it is 
pro'tebl® ttiat th© factor 2 concontrat© eaiployed la th© work 
roportad la this tiiasls Is a rathar pot@nt source of nicotinic 
acid. 
llvahjam, Koelm, and Olason (29) reported a growtto ppo-
-im-
ffloting faetor, llaat was .required ia. aMitloa ton vitamin 
Bj., flfiTin,. -and I4 ss « »ou»-© of t!i® vltamla B ©omplsx 
for th® pat* I^ etOT W was fouad t© to® ppesent ia thm aleelioi* 
©th©F pr®©iplt®t@ tT&m lifsf ©X'twiet after reaoiral of fla'rlii 
a.€aorptio»» fb0 sttpermtaiit li^ id «ft®r ttm pr#eipit»-
tion Wis feaad iimetiw as a s-omreo of faotoy W, altiiotigli 
ttils sttpsrmtant lifmid wmm aetiv© as a of th® ehick 
»iiti€l#i?»»tttl:S faetor# fh©y reported f«-et©i» W to be adserbed 
on aorlt®# Mseyptioa wltli aoi*it« frmt. m solutiom ©f faetop 
2 apparently difi not bi'liig abcmt mmj m®p&.T&tion ©f ®o«pon®nts 
is tliia faetsa* acseoFiliag t© the p^suits obtained wllfe tla® afi* 
mofhed ant «mdsoFl®<l poftlems f&& slmglj ai^  e^toined la the 
©2^®r'im®nts of tabl® ?II» It app®aj*«4 tMt 25 ©«iit of 
the factoi? 2 aetlvlty was ®ds<a»b©d on th® qmantitj of noi»it@ 
tis©€.. Sa ©onne^tioa Mth tl»a« result® it im of iatei?®st t© 
eongi4#F til© Btw&lmm of Frost and S-wliJi® (40), in wMeh. 
•w®T% iiisabl© to i»®p@®t til© a i^sorptioa of faetor W on norit©, 
leading th®m to b@ll©¥@ norit© qalt® mreliable f©jp afisopptlOB 
Septrations* In @ w&mnt Rm«t aa4 Bl-rehj®® (41) Mw 
d©sea?ll»d tti© difficulties eaeoyatdrM In th.® m®# of a>i»lt« 
and report quit® 8atisfaetaa?y stds©rpti#a wad ©Mtion <sf fae-
tor W f3?«m Borit® if tli« proper e-onditioas- «r® ua.®d, 
Msorptioa with, fuller *» ©artto Ms hmm fooad t© b« aa 
effeetiv® lasans of s.®paratiag •rarious faetap# of th© ¥il»fflda 
B e<®pl®x#. % tiiis wBrnim th® dlff®p©nti«tioa ©f flavin frc® 
vitsMia mm «ce<Mpllsli©d b^ Qyorgy C4t) irtio Biad« us© of teb® 
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mteto. a-dsoF^bllltf of flavin* fht@ ftM?1^®p smMl^ rision 
of til© fllteilto Into filtrate faetop 1 CB^) and filfae«-t® f®-®'-
tap S by jtepkovs&y aa  ^ ework@r« ms litowiae facilitated % 
adsorption diff©r©n©#s| faetor 1 toeiitg mtrnw^A frtm. soltatioa 
toy repeated a^TOrptioas, wMl© noat ©f tb© fae^tor B 
in •&© filtr®t®« Ssa possibility tMt fwrtli®r frsetiosml ad­
sorption migbt «.iOTp©n®»t8 ©f ffteter t TOggest®  ^ it-
®#lf# Since faetor S lias been fouoa to b© r©lfitiir«ly msaa-
a-orl>#€ by repeated adsorptions to rmmm® Bg,. it ©aa b© s®#ii 
that if a portiom of factor S w®r© to Ij@ adsorMd ©itlisr tli® 
qmntity of fuller *s ©artfe «»®d amst b® gremtly i^ roasod or 
©1st m MOT® effioiottt aoaas of a-^orptioa aaist he dwisod. 
Iffioient fmetioeal adsorptions 'bf immrn of ^Clir-mitto-
graphio® or oontiauoms adsorption Imve Tm®m of g3?@®t ser i^e® 
in tht® s@p®i«tioii of May types of oonpouads» Coo^k# iT7) ims 
rmwl&w®  ^ ttoo appliofttioas of tliis »©th.od mwA h.m €©serlfe®4 ife© 
t©4lml<iu® iOTOlir©€» Ttm method as ms«d for t&@ ©xp©ri»®iits. 
dosoriteM in this thosis mms moiftlfiod by iiitrMueliig & eon-
tlniious ©lution. proe«.<3tar® (tii® rowrso of tfe® coatlimous ad­
sorption ppoe®ss) wli®r®% tJi® ©ffo-et should b# tlsat of «a 
infinit© aimber of ©lutioas glTiiig a sorios of soliitos is tifci® 
olmmt® of eoBstantly Incpft&siiE® sdsorbafeility tmm the first 
drop to tho last#. For tli© parpoae of tills inirestigation, how-
®¥©r, it w®s desired only to otofeiia twi l^ setions represomt-
ing the eoapletoly iiBadsortood fi^ etioa aM tfcte -weakly adsortood 
fraetion» 
lo stippl^ neataif ®ffe€t was stsowa befcwean tli®a© tw© frae* 
tloas as sources of factor 2g aeoording to tbs data of tatol® 
vm, ©ither whoa 1.0 1^# of laglish fullor's ®arl^  ms msofi 
(freetion® M aad 9B) or S#0 kg* of t!is- oarth w@r® nsoi, 
Cfraetlons 1€A ani lOB) for tli© oxtraet frcM 4»® leg* of hog 
liwr* Xmmb 'Wmm om^halt of th® faetor S ®eti¥ity r#eofer©4 
TCiis pp«a©nt la th# •mmtlj iid»or'to#i fraotioa using 1*0 kg# of 
frnllor*® m&T%h, mad aor® ttmn mm^imlf of th© faetor S aetlirity 
TOs fomna la th® weakly sdsorbe€ fMotloa lasing 3*0 kg* of 
fuller*# @ftrtto.« ®io results,- liblle tlioy  ^not ladlcat® ao-p®-
ratlon of oomponemts in factor S hj Wm proe©<liar©s ms®d, <lo 
toy no mB&nm proelnd® the poasibility of stu  ^a separation toy 
oontlnuous adoorptloa neiSoMa* Tbm f«ct tlwtt the total »eti-
•rlty of 'Bi® fsetor 2 fraetloa ms lamecomted for Ik tb® ema  ^
Mii©<a •ufflfidsortoea an^ m&klj a&orbod f»»tions aM also ttmt 
tfc® greater i«rt of tli® aetlvlty was foaa«l In tfe© weakly ad-
sortood fraetlon wh@n 3*0 kg# of fullor's earth woro msM litai-
eates that eonaldorabl# of tb® faotor 2 aetlTlty waa mia?© 
strongly adsortood tJaan ihad hmn aatlolpatofi* fhls s«gg@®ts 
tt«t a mor© thorougji stady of tlie fraotl^ cMcis OTor m groater 
rang© of adsorb Mil ty lalglit saeeoM la sopiwtii^ eoapoosats 
of faetor g* 
Wi&n 0»S g» p@r 3?«t p®r day of alfalfa waa f®d as tta# 
sonreo of faetor 2 a r©«trict@d growfeh rat© aM an i^iflioalttey 
appoaranee rosultod (tatol© IXl« A iMrted SMppl^ ameiitary of-
f®ot on this dlot was showa toy g* per rat par day fra©-' 
tlom 8B|^  Wm a<Mltioa ©f wMeh the grcwrth. rate- &tA 
aalntmiiisfi a no-fwl healthy «pp©mMise# ®f tli« anlHials# Prae-
tion 81, at a l®f«l of 0*10 g« p»r mt per day as 
th© sol# aomre® of f«etor t,, failod te  ^ lalntoia grcwrtti and 
lif®l 0»60 gm per rat per tffty of alfalfa gaw growUht Inferior 
to that obtained oa 0#3 g». of alfalfa plum 0«C®. g# of fine-
tlon 81» "Hies© r@»iiits demoastiwt© tfest at Ismst twrn fm&'^ 
tors &r© i^ eessary «» & somre® of tli® B eoaipl®x for the growth 
aai w l^l-beliaig of tb© rat, ia additioa to vita»ln flavl», 
Bg, «M nieotini© aeld» Siis mmm tbat t&etm* 2 aetually 
©oasists of ®t l#a«t tw© faetera# Hi® factor pr-esent in 
fraction SB, whleh is supplwien^ary t© 0»I5 g« of alfalfa as 
a soiaroe of factor 2, earn h® ealled^  ^ for coavoislenc®, th® 
^8B factor-." Coasidoration of data 1B tabl® XIII aM 
reforonc® to th# literature cm tb© teom irit»ml»8 IMieates 
ttiat tfe® SB factor is dlstimet froa th# factors tims far idonti-
fi«d with ttos ¥it«»in B coaplex# 
Factor W of llv@h|« amd coworkers (28) fmi»a to b® 
imcti-rotod by heating to 1» altealls  ^ soltttioo bj frost 
and Hwhlea CSS)« Hi# SB fsetor wlttistsnds heatiag at tM 
teiaperet^e of th® boiling wat^r-batti for four hours at pH 10 
according to th® feta of groups ]K5b  ^ KS®,, and IBS# 
Th® stability of th® SB factor to heat in alfctlim© solution 
distinguish®# Itiia factor fro® th® chick antlderffiatltis fac­
tor {flltrat® factor) i^ ch has been shown, by (00) 
to b© destroyed by heatii^  ia th© iKjlllag water bath for fCRir 
I, 
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not d©wl©p itt rats tm tim dlet  ^wlail® a lieaofi?Mgie 
coadition did A#"r©lop la mojm of tli© @nl»ftls i»@e©iTiag 
doubled lewl CO*!© g») of f»eti©n SB Imt «o alfalfa. 
Stock®tad bM Imniiing reported tlM exist©tt©@ of . 
a new Mat gtatol© ^mth. faeter for tli® eMeltoa. 
fotmfi faetor IT to- hm Fiubly atipplied toy alfalfa tet ab-s®at ia 
molasses. 81 faetoa? tm the 0tli©i» hand is almialaiit In 
n l^assas aM •pooj»ly smpflie^S % alfalfa* CoBsaqiaaiitly tli® 8B 
factor is distimot fi»» growth, faetor 1, 
&irr- aai Mrr C?) f<»itt4 th«t smffieient qpianirfltias of 
%h» ©ssantittl imsstisrat i^ fatty aeld, war® smppliad tahrae 
drops C€0 of e-od llvar -oil par rat par daf to amiat&in 
rats for a year with iHilf ali^ t sfmptcras Cscraa aoales oa fee 
f#®% and taill ^ t otbanrls# toaaltiiy# Sino® at laaat twio# 
this qtiftiitltj of eo€ liwr oil waa raeaiTed \sf all rats o» 
-fee •SB-fraa'* diat i^ it is ©viiaat tMt tli® aaiantial, msataimt®  ^
fatty aoit was sot laekisg ia tM® diat* SoMinioii a»a eo-
workars CllS) raportad that ©tooi^ ^oit  ^sulfttri© aeifl itima-
latad growtli of rata on oar-tain fla-rijo, assay xmticma eoatais-
ing 0¥«r 50 par oa»t of oora^  ^ aad tlio-y balia't® Itiis aoid 
to h® a growtti faetffip for tSi® rat# Sis fa-ct.tMt ©om 'ws 
fTOS  ^ to supply mm appraeiabla a^ttat of tl» 8B faetor at tl»-
O.S'TS g» par »t par iay laval alininatas tto® posalMlity of 
tba 8B factor aoi- olioa4roitta amlfario aoid baiag Idaatieal* 
fha 'srifeMia 0 eoatant of pom&mT C4»0 maits pa-r 
g«tB) fOTnd in thm -asporimaiits of tatol® X is s-cmawlmt lowar 
-13?-
than !&© TOlm© of 6»1 tmlts per gram reported Peastei' C34)« 
®ila diff®p®ne# was ppotoablj catas®d by th,® fact teat sn©i*os® 
was rnsed as tb® ©arbolifiirat® la ratloae of tabl© X#. 
w3a©:r©as .Wmstmr ©i^loyefi €®xts^ia.» A® has b#®n mentioned a©x-
tTln glT®-® b«ttsi* gjpowfai ta Tltrain 0-ff»#® diets m 
in well sttpple»®nt®<l dl#ts tlmn €o©s siiepos#* 
BM®k sfepmp aolas«®s «t IS p©-r eant lewl w«# fotiM 
to glw better tlaan nomal .gpcwtai as tl» smu"©© of "rltemins 
B and 0 bj l®l®on, lelley  ^«M VuljmT Cl06)« Solson mm& Swmm 
re-poi?t©d t&at wmm no lisaonsfewiljl® qwntity of "rltaMla B 
In blaek strap ®ola8s©»* ®!« :r©s'alt» in tabl® XI shcsw tl»t 
fomr sampl#® of «slass©s Cinoltwllng ttos© samples of black 
ati«p »ol«as®s5 oon.t«ln signffleant aaoimts of vitamin Bj., 
a» woll &« lai»g@F amoimts of t  ^othor fsetoi's of tTtrn B eosi-' 
plex# '©lia disei^ i^ ney with fe© results of l®ls<m, lollop  ^
andi Fmlffl®i» (106) Is to tlie tiso of se»on« in 
tliea© oxpspiaients,, wh©i»®«s sor '^ons wero not msod la th® stmdl@« 
noiml. grtmWk obt«i»d» ©io «ff©©t of pravontlBg 
ooppoplmgy toj mm® of s«i»##na is illtts tarn tod bj eoi^ rison 
S^mip SS, kept on soiwens, and ^mp not kept <m scroons# 
Both grcmps rooeiTOi 7*5 poip eeat of nolassos «s tfe© sour©-® 
of B ooMplex, toit gronp S2 sliowefi an ifr®i®.ge wookly gain 
of only 0#f g* wMl# ^mnp -SS sbow  ^ an awimg® gain of *f*B g# 
Bils diff©3»@n®®jj &i® to @0|iroplsi.gy- is In lia»oii^  with tJ» 
obsorvations of iteonboek «nd S-fell (ItS) and othora of th® 
©ffoet of e^?opliy on mnmj rmultrnm fb© posnlts indie®t@ 
tlifti; it 15 p@F ©f Bolasa©# w^rm fed t© aaimals aot k@pt 
©n ser#«iis a tmmml gr&wtii woaM hm pjTO#a©®d.» fh® ®3E|»rl-
m®»t» ©f Imbl# S iMlcat® tl«t blaek steap aolass## no#  ^
eontaias 3#§ tmlts of fla-rin# 6»S mits ©f faetor t, moi»« 
tMB 6»5 wait® of vltaala % p®r grwa* Si® large -aiaoyiit ©f 
Bq tmmSi la wml&msmm is to «g:r®«aeist wife tl*i results 'Of 
Ofojpgy CiS), Mxo fomfl ® ®«t i&y €©»«•" ©f Bg Im -O l^ -to 0»2 g# 
0f 
llwlijea, S©«to.|,. aM 01#soa Ct8| f&wS. It per e«at i>f 
whit© ©©TO »mppl«^at#d witti Bi sM tlMviM t& to© imdeqmt# 
fm tht gFiwth. 0f ipitts# a»f »©» aM© to ©fettla good giPOwl& 
on this €i©t l>y tist aMltloii of faeter W pp©i»Fatlo»s fwim 
liv«i» ala®, to a less«F % th® addition ©f al©.®-
tlBi© «ei€» Itot iiieoi'po»ti©» ©f wMt# oy othey sappl©-
»iit8 at « p@i»©.«it«g© l©f®l Msk#s It p©aslljl@ t© titet 
'TttMiia lataiB© ®f ttot amSaals toy tSmply atlinalatting tliili» 
®PI»tt^» "fels P©SS11j1® mimm ©f mmm wmm ©limliiated la 
eaEpeflaemta ®f tabl® III toy f««€.tag m d«fliiit® qtaantlty of 
©acrfhi t«j« Wsia®: tMs m w@rf 
aimll gf0wth. stlamlatlag ®ff©et ®f iii-©©ti»le aeW ©to-
serwd oa diets «oiit«iBiiig 0*S g# of -wM^ or 1#0 g» of 
wMt® mrm per Mt p®y <iif« 
'lb.® f»e8TOlt0 of gF©«p tmtol# Xttt, ahow alfalfa «al 
to to® 8 to«tt©r mommm &t frntow t alsms tli« SB fa«t©op tlma 
sml&8M9m -mm fmmd t& to© ae©o]pdiag to 13  ^ 3?@salts gfomp 
04, tatol© Xl« • and Mpkms  ^ (69) t0mmA alfalfa m&l to 
••3.S9* 
to® a pmr soure# of tli© < l^elr aatl(l©3«atitls faetori -sli^ reits 
tl»j fouad molasses t®. to® ®a «xe®ll®at mowpm &i th® ehl<sk 
anfciddfMtitla faetoF# 'Ifals dlfferem® to©tw#em t!i® 
tioa of th© ©Mel: aatM©«»tltis faetea*, aM ths 
of faetoF t almiis tfc# 8B faetor InAieates that at l®ast c«# 
otli#r fast Of is liwolvM la faetw t, tn addltioa to- tbe 
eMek •m.m.tMmmmtlttm ani fcb® 8B f«eto:p» 
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siomif Am QmmmzmB 
Studies wey© m.Sm ©f Wm pr©p«i«t£aa ©f laetoflsTia firm 
mmj powtop# Qm wit  ^ 60 p@r mnt e^j% ale©li©l was 
fcmiDfl, t© b© Mor© ©ffeetlv© tMa ©xtfae-fcioas with #6 
esnt eWixfl aleohtol.» Msorptlon ef flmvia fiirectly from tb® 
@0 pm mnt aledholi-c «tPft©t wmm ft# ©ffiel^ ent ®s adsispptloa 
f3?«» the aqueous solutl®ii {affc©r of tfct® aleoteol aM 
diluticott wltla mt®r)« 1% was towa  ^ wtmmm&mmy to ms# SCX> g» 
of fullsr^s CCeaeo) p»r S»tS ©f *h®y for tl»s 
most effl«l©mt adsorption of' flavls tTwa. th# @xtm©t» Saglish. 
fuller*® Is flir® tl»®s a» effmttwm mm 'C®a«o fmll©r»s 
©aptli for the afis.»pt£'0» of flavin fTm& whMj iKsw-a®  ^ ©xtrast* 
Thm rspOFtM ©xis,t®ne« of &n adsoFlmM® faetoip (flavin) 
aM a l©®s adsoi't»'ble, liest and alteli statel® f&etor Bg la 
viteiaia Q was eo-nfiw®#* 
R@smlts o"btala#fi mt th® €iff»©»%!«tion of flavitti^  Be# 
and factor S In pm&mr #xti«et tT&etltmBp molmm&n ©x-
traet fraettonsgf aad rl#® l^lsMj^ s ©xt»©t fjmetlona wer® 
ineoncltisiv®, b©eatts© of ©on^mlmtim. of tJii vl'taula % 
sompe® Cf^setioa 8B) with vitamla B®» 
SjnttMti® ©rfstallla® vlt«»£ii B% mm foimi t® to® as go#€ 
a scrap©® of tbt iimt latotl® fwi©tloa in. smpplinientlng auto-
@lav@4 ®s- ft s«re« of tl» B ©omplex as was tim e3?M® 
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Tltaala % (jfeaetiom 8b)« feis l»iie«t©ii ^tat vita-
mia Bl is th@ of tfe© tmilj ®Ii0«t labil#" fipaetlom 
Cdestf-oyo  ^toy heat la netiteal solmtl©»)» 
gTOW i^ rat# of rats m. a sfatteetle fiiet eoatainin  ^
<l©xfepi» mm tl», ax  ^ the vi^ taia b ©o»pl©x i» 
towm of f.»etl®a SB pirns atifeoelawd jmat %m -rsry nmwlj ®qml 
to th© growls mtm of rata oa tim mt&&k rmtlQu emslsting ©f 
a of mtttral feoiaa* ®i© growth ml^  ©f rats oaa a 
®yntl»tie diet ©ontalaiag smerog# m« e«i%otofdmt@ and te® 
vitttola B complex im tla® fm*m of f»»tio» SB pirns antoelaTM 
jmmt is about four gr&ma ps j^p rat i»r w®®k loss tlmn tti® 
gpowtli of ffata om tfe« stoek ration# gfwth, raM of 
rmts on tti©- stiejpos© diot is aot -sttoh "bo'ttop when 20 pei* oont 
of foast i» smibstitatod fi^  fs«etloii SB and natoelaved je«st» 
®.©r#for® uritli a awppam j^ su^Xj ©f 1fc« irltamln B 
©oaplox taie giw-tti rat® of rats m&j hm «:^eoto€ to h@ ®*bOttt 
torn gT«m pmr h&Mw tlbo gF»fe rates oa tho stook ration 
and oa tli# toxferia ration* dtttmmnm 'botiioon gr®wtli on 
IK^o smeroso «M dox'fapim €let® mf b# dm® to t&e smpplyli^  or 
sparing, toy tii« <i©xtepi»# of so» faetcap w&msm&Tj for opti®iim 
nutrition* Ifertrin supplios or spiroa faetor I, wii©r@®s 
smeroso tloee «ot} taa,®r#for#|^  siaoroso is tla© hkmp© aiaitablo 
earbolifdrftt® for rations used ia th® steij of faeter 2m 
Th® r@port«4 @xXmtmmm of fo«r factors ia tim vi^ ain B 
ooroplemi iiMiilj, %, ^flsvia, Bg;, aa€ factor ® was eottfiraa-d 
nUmn crjstalllse Bi antf tli© suerose toft-sal ration wer® asod ia 
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ttb® sttwly ©f fwietioas f»ii hog ©x^net and Fie© poll#h~ 
i»gs ©xtmet# 
Addition of aicotinl© aeld 1m€ no apparent ©ff©et ob 
rat® on "Bg-fiw'* diets «* tm ®ftte%or t»f3p©«" dl©t-S| eoBs«» 
nieotinic teid is sh@®» to "b# distlnet fw€m Wmsm 
faet-caps# ffe® nse of wa«h®d ^s®1b sIcqIioI ©xfepactsd 
TOshed e«s®in 'Imd littl® or ao eff©-©t oa thm produetloa of 
d®fieleaei«s of faetor t oy %• 
adsoflMt® «ad filtrate otoMlatd fepe^stoeat ®f tli® 
f®ct©i?' i freetloa trem. Img liver withi nerlt® g®"« »£> suppl®-
»®ataFf ©ff@et t© oae aaoth  ^as sources ©f faet®*" 2, ©l-iaiongto. 
about oTO-fOOTth of tl» factor 2 a.ctl"rlty mmw adsorbed# 
a®' iwaftdaoftoed f»etioi^  aud the w®akly «ds0pl»ad frae-
tlona, pr©f*i»®d % eoatinmeus adsorption of tfe« filtrat© fr«» 
flii^ a adsorption fi^  toc  ^ lifsr ®xtraet,, g«Te n© slgaificmntly 
better gr©wtti wlisii f«d la ecmtoimtioa as tto soure# of faetor 
g tlm» wli®n f®d a lorn# • tosa th,«». oii©-«l]«l.f of tli® recovered 
faotor 2 a©tivii^  was p»®s9at la tli® w%mklj adsorl3®d fr«®tiom 
iraiiWR 1«0 kg» of f«.ll®r'*s «a-rtfci -per 4#S of liver w»r& 
mod, aM ffltor® tMn @at-lmlf of th© r®e©v«r®d faeter 2 aeti-
vlty was pp©s©at im th® »eaklj adsorbed fraetlon wh^a S#0 teg» 
of fuller's ©artli p©r 4«S kgm of liwr w®r« tis®d-# 
fli© feeding of 0»  ^gm |s©r r«t p®r day  ^alfalfa Bis-iJL 
as th« so«ro® of factor 2 i«»dtiOiNi rostrlo^d growth C4.S g# 
p®r TO«k) «M aa ttiiie-altl^  appoarano# la tliB rat# Witto t&e 
addition to th® diot of 0»0S g# of fraetloa 81 {fuller's oarlto 
atdS'OrMt© tT€m p©3.1sliiiiga ©rteraet) al»»t dmblsd growtfa 
C8«B g» pir week) snfl lioraal app©a«ifi©® 3»©««lted. 
Fi«aetlo» 8B at tim QmW g« f©r fat as tla©- s©i® 
mowm of factor g m« laeft l^il# of «upp©s»%lng grmWi aai llf@| 
and 0.60 g» of alfalfn fSF a« tli© »©1® scmre® of 
faetor t pi¥® growflU Imfmwtm t® tMt ofetaiatd wltli 0»  ^g» 
of alfalfa pirns 0*0S g» of f»eti©» SB, ^Rms it was shorn 
tMt at l@«»t two «cmpon«»t;s mfc© ap f«etor 0 and ar# «#©©#• 
mmrf tor the gpowfcli aai w@ll-b©li^  of th® rst,^  In addition te 
vltaaltt Bj.# flavin, and nieottalo aeid, a« tli® s<ma*e® of 
tSi© vitwiin B ©eaplex#, Cto© ©f tMs® ©ce^n^ats oi* fiietors 1« 
irapplled toy 0»-S0 'g* pey Bat ps,!- iay ©f alfalfaf ii»r«as, th® 
otlier faetor (^m "BB faetor*) is supplied tf g« p«p mt 
per^ditj of f»ctloix SB  ^ -fii© 8B fe©t©3P ia als®.amppli#d "toy 
g., of molaas®® and to m l&mmmw mmtmnt fey g* of 
yellow mm* Tkm SB faotoi» is stetol® to li€Nit in alMliii® 
solution# 
fht .pi*op©i»tl««4f di»t3Pl^felOtt Ifeiologieal «ff®ets of 
tls® QB f«et©r shew it to h& dlstiaet fmm tltaadu flavla, 
Bg, nleetinie aeid, eiile^ «atldopimtlti# faetup-j^ «ntii»i*aljti® 
faetOF {14>, factca? W, faetoi?- W, %p®eM<^l«d faotcap, anti-
•©IiOQdi»©ltiii sulfwie iseid, ai^ tli^' «S8#a-
il®! Miis«ti*»ted fattj ft CM* 
Wm'S' pom&MT wma towai to ©on'teia nbottt 4#0 nnitS' ©f -rlta--
»lii § pep and «l50ut 2«S tmit« of wiimMn % pe^p gmm» 
ffaye# »ii®pl©s of blaefe »fc«p iBolft«a©a ©a l^a showed « tit»«-
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mdxk B| eonfcenfc of about 1»6 units per gs*aM« A sampl© of 1*0-
fln#d fflolass## «« wiiiym to eoatatlia abmit 0#S wnlts of -rltaMla 
Bl p©!" g1E«®# 
All s'iiaples of moltsaes w©r® fomaa to be anieli liore pot©nt 
«s sowe## of vitsffllii 0 ttoaa as totire©# of vitsmlii Bi« A 
sampl® of ibl««k e^mp Mlasses was towa& to eont»i» «pp3»oxl-
sat®lj 3#S units of flavin, @#-6 mlts of faotop 2  ^ and mom 
tlan 6,»S mit® of vltttirt.m Bg j^ j? graa# 
Rations eoatalalag 1»0 g» 01* O*© g« rat p@r 6&j of 
wMt© moxn plus €^st«lllae vttmiila Bi aM flatla as tii@ -mmrc® 
of tfm B oonplex i5?o<l«c#d sli^ tlf iaferior girowto and a mmm-
wlmt pooler appewmae# of J?at8 tliaa idteaticml mtion# eonfeftln-
lug nleotlnle aeld* f4» results l»<lieat© e»ia. -t© eontaim 
£•0 tmlt» of Bieotlate aeM p®r gum* Factor g is stiowii to 
©oataii^ d 1B white eom to tin® ®x^nt of abotit 'S#§ niilt® p©3P 
Alfalfa laeal »ppeia?@€ to b® €®fiot®at in ndootinie ®ei«i 
at til® O#3i0 g.«. pep Mt pei» day le'wl*. tssa tiiaa 5»2 iinits of 
uiootiHle acM appear to 13« present in mm gmm'&t alfalfa* 
Wmn., Alfmlfm vmml tos mmmj&d for- faetor S, ualBg « di®t 
eoistnini^  oi^ s l^ltiMf irit»iii & factor t eonteat of 4»0 
imits per gmm wmn iailoated, 1&®- fa©t®p aeteallj detominM 
in the @.hmm mmm i»s tim- SB faetor {« eompoaoEit of l^ etca? 
S)» Iton alfalfa imml was aa»ttf@d foi» fiaet©i» msing a fil@t 
eontaitoii^  firaetloa SB, -m fate tor S {aetitally faetcp ® rnlmm 
8B faetor) eontent of 7«0 vslt# 'per g»» was A 
siallar assay ©f fer tmettm 2 miBms 81 fSaetoi? 
a of 6tO mlts p®:p gran of molasses. Bi© larkefi 
dlffep®!m« b®twe#n Iti# diste i^bntloa of this fae^f Cfaetc®- i 
alntts 81 factor) «M tl» atstpibiitlom of the ©Mek anti-
deyMtltt-s faetw C«l®fl©i©afe in alfalfa anS •abmnlant la 
iQ©lass@«| Indleatss that; tlies® fact»s mmt  ^dlitlnet# 
t to ^ m _'f^9£-mmsm %m 
WAmm fm Ms «»t mmmmgwmA M ^ 
©If® 
Aiii®r®ggp. i»» f# aai lels©»p "f« 1» lllk p#w6@r» us fcxjd# 
IiA,. lag.. ©!#»»,, Wt 6gO-6m. 1926*. 
t» Bly--€ti..,, f« *» &# i*©l*ti.oa l»tw®®a vitifiBia B@ «39i tto® im-
Sfttarat«s€ fattf «eM faet©^* 1* B1©X» lS4i 
m§*7m*' wm* 
3* Bix>mh0 Tm Wm0, J*** Hsi»p1S|, Ii# Sse 
% Clffef^ntlfttioa ©f tb# aafelblaektoiigtt® 
aM tl» '*p#l%«g»a pp«T«ifttiv®* fitet» ff»offi 
«od •'Ttteffiia Bg {8'0-e«ll®a r«t p©ll®gf»« 
fapts I-If* li0.els«m* tit 
3.tS&# 
4# Blreh, f« W, Si# -r^qulr§mmt& of tim #og «M Mi« rat for 
ai0©tisi© aeM# fctritlom, Ift g01--S9@. 19S9. 
S* Bo©li©i»,|, Lm Mm Sl» ®@tie®ntratiij!i mnA ia*op®-rfci#» of 
f, Biol, li»t SSi-gSX* MS?. 
f# Boiayqula# A.» ®M Sli®w»a,. <l«t©»i3aat£o» 
@f iritfiMn Q C%l* Aa» S<Je-», ilSf S501-360S. 
itSl, 
f. Bupf,. <!• ftiiS BarFu *# ** A .new d©fiei«a®-y d£s@ias@ pi?®-
4.nmd toy fell® r'igM «xiil»l©a #f fat f^» tlii 
Biol. C&#a»,- Sgf S4S-S«?* liS9* 
©• Mm mm& Capping,. A*- mmpmltm iat®p# of fim 
vifcasAa !• M#feR^ fa-et#!*# Is aMi-
tioa 'fc# tfe© «,Btla»«Er£tl© ^ Ij, and tli® aatid@i«ttlt£s 
vltaaia m* Bio®lsa, ms im4^%7Wm 19m* 
i» '©ilekii, H:» ai^ O^jppiijgp A* 1» l©»t atabillty o# tli® •Caiiti-' 
d « r a a t £ t £ - # , ' % I I «  
B£o©i»®» 24 i &m^mm wmrn 
lOm Emgt §eppii^0. Am Mm mwA- 1©®©'©®, 1» B* Igg whit® 
fis m of aatid#»aldLt£s ¥£t«rf.a %• Mmimm*. 
!«,. 241 wm* 
«i4i« 
3.I.# f» W*0 fcrtia, A. J* «M 
€, t« &wmtiwe aefclon of nieotlttie aolfi ms. pigs 
til# ©f « eoialstlng 
largely of iwilz®# Bioe&«»# 3"*, Mt lO-lS. lfS8» 
lg» Qil«k, H, aM fi©ae®«-,p. 1« !• tb® <i<apaslt® mfear# of 
tti# mfc«r solmtol® B ¥itiaia« Mrnirnrnm !•, tit 
Ift?. 
IS* laii®!,, S*. mmA M* H» to attempt to s©p«i^t# 
' Virata % £wm. fitttis- Bi is y#««t aM a 
mm @f Its i»ropiiPtt#» with ttios® mf tim «Btiii@wfti© 
»!• Momrn* tSf s^*sia,, 
14» @iiek|f. a* ®aS 1.* H« A s&tfeefi f^ th# &»mmj ©f 
vltttBlm Bi is which ttm ^mMh. of yotrng Fat® la tised 
&# Ml® ei»lt®^i©m# •img_ Mi 19^.. 
!§• 'Cail^k# Mm «ad 1* H* "a# #tt«l iMiteE^# of w»t«i»-
«©ittble B» II* fb® ®ff0©t rats 
©f -rtfeftMa ^ d»fi®i#»y,- aod a tm tfe® 
Mel@gie*3L «ss«f -af ¥itaala Bi©else«. J#, -tti 
ISSS. 
16* 0oafflltt®« &f thi®, S®@©i>4 iBteraatioBiil ©a 
flt«irf.ii Stai^Mis®tl©a» 'lo-saom* 19M-*. 
17« -C®©!:.# 1# i®5i*C!*to^m.^le amlysls* C^alstiy aaft 
Mi fg4-»m. mm,: 
W» S©n-i€«atiif ©f rat d®rmtitis •<!»# to vitirads 
l0 ^ fiel©a«f and ©f haata f®13Ag»» J"-# latritl^a, 
lit 451-4S?» wm* 
' "I •• 
I J 19 »• niaii* W» Sleetlal© a@M aM vlimslm %• 86i 
6ii. lisf, 
go# Biaick^ 1# K» «ai B» fiss faetor 1 {Bg) 
®f tl» rat# J". 171 
19®» 
SI# ftrary.. A# *•, asrris,^ !»• J"* ftn€ »®aiisl@y.» 0» Vit,aaia B. 
i» t3i« pat» lfea%©ai^« as a dlstiis©-
tlw f««tM»«« S4s 16St«1649* 1930# 
t:8«. 1« A» «t ml* ?tt*»ia 1 t«i*id.sol©gy« S«l#ae«,-
6Sl S7«.. 19it» 
I# SSW 
m-f, fit 
',m #C hm^psr*" 
t lb 
l» %m$ m |itm« mmm 
f i*. Mm MmM* 4» ai%«iip.©aii%te»iatl^ ®#' 
• mm* 
>0 $•, • 
apt, iS#« 
.dutttttf ^ irt^«l»-
—s - - -- -
# 
r«RH* S« A* «ai 'Wm^M- Sfem€i«« 
m* ^ %m$ 
S* M.-0_0 ## #<.11; 02*M% ?• -t#. 4 amp 
•astatttiil. Mw^my M«l.«. MSt 
~1«»- lt»* 
'mMimBrn 4#|i/:ftt^«&j,, A* J"#* Iw* 
9» W.0  ^ -MmMm ^  Mm%SMM miAi 
'Wr'S jL f" f •# 
{/ S*i»# ftt*" «si. #• &9 Wk^m-
1* • liit meM 
mtnUM' M mmm$ ' #• %#&* 
i«S«W» lf«»-
H »* 
Si®®* *»gs «w««®aF,§., mm»^ *»-w*..|| #•* 
#9# Cflteiiii. %.} md iiiA*x^ 
.iyi.|F %» '«& 8* A.« 'WsMJLmm #f' 
'tt®'ii «'iii w^Mm .Jte 
fitt. wm^-rn Wmm-0. 'Mm-0 '^m^m S#l« 
I*- Wmm^ S#- *•# «3id S# fj» 
Mi.wiM®a ##" 1* t* 
'Ef- i"*#* 
Wm;s%m0 Wm 9.m ilwtt®* « vlfciaiM^ S 'iistf S -ta 
'ttt 'tli@' miosis:* 
itlwiiffp .IpWe^ B-fcit® Itl4« 
-il* 'Y*. 'mA lelsmy T«. S« 'M#% tB i^.|ift%t#iR 
uif itai:» 
-ISO-
:S8. Mm A* B» ®i© I'ttSffllm eMfcest df immm feeds a# 
»ff©«te€ If ppoe@s#«# ®f -#^Mag -itsi #aimiag# 
khatm.mtm- asi Isf^Lew, is iSl.-'SOf. 1.®^* 
FlM«a»^ Am Mm Ami. l©®e#«0 !• S», ©f tli© 
mf iamm *a4 m'w&ml fctrifeim 41s» 
strmets awl, mwlrnm rt 
f# &tpikov8fcf, S:«g, 0« *•* mM 
•f* !• fe^a p^Xfji^ wltte uieottmi-® 
«eJyi» ?!•©«» So@« lI.ol» S7t 4C®*40f» 
ItSf* 
St# Fswst, !>• "?« mm& 0.» A*. om fa@* 
fear- W» fTG&» M* Soe* Biol.* Mm M&lm ^^mmrnrn 
13.@t XXII¥» 
40» feest. B« V« aM llvrtij#®., C* Am SWlfetr s-tMi©# ®s' 
f®et»F *• Jf, Ult SSS-tm« liSf# 
41» Wmtp. B# V* aM 6* A# laet®r W ai^ S.t» 
tl®ii to B ®oap3L@x*- im-Mol* ®xmm^ ItSt 
ts*sa» mm* 
42,. f«i&, 0« Sfe»4i#a ®a fll# f&«Ef «ti?7 of tli® 
fr« y®«#t mm& ^1©@ pelisMags# 
ltIS» 
4S, Faakp #« aM ' 3m #'• Valtt# ®f 4mrlw&ttw&B 
ia safepltfoRn tiN&e» i»« $«©• S1©1» Cli«#» J", B1-©I# 
mrna^, iWi «rf« m3f* 
M.» -SolilMyg®?,,, '#• «.at Iillli®^- 1# A »et« ©s th# ©x^rl-
»eaMl «®aaiti©tt ia t&® alMM> rat*. 
S. Vmh* Srnim i9t6.. 
/ • • 
4S» t©Mtot^s#r, I., §» A. II Mm#, «• aM 
£• M» A ataif «if trmiM 
feiif, aM i^sts us pt3.3t®p« • Willi eoa-
»S,#iimtl©s ®f %!»• #f 'f «©%©!• .«f 
pella^m («iiA felaek-t#«^» of €figs) B# 
If* S* Fall.,. ««!%&• »spt#»,. 41i ^f-SlS* IttS. 
• » 
fijdsc^# 43.1 l**#.# 1S®L# 
feigiinit •»©%'»«#»• Igp feeolloa, 1# "f«* 
<lpi«i%«-'X«ll©8,|. mwM iiij» S* ®.» m^wsm kmm» 
1&%# amtMt-tm# ?* p* US# fcj^llaa 
Xork, Itt®-?--
4?« M» B.# «M 1# A#. mmmmj of Tltimirai 
B SB# # «s Ijj e-opropla®*.. J# Blel*. 
m&rn*-, mt isi-asi.. i®a. 
M mttrn li-fei»«i..|i 9* ' li-S4# 
S4» f«,.* ma 
Mi&mmmm 9*^ m% itn* 
# f• -flttail* % 111* a# tai«iM.mtl#« ## 
«a4 *ltM.m 1$ -rtiitol*, Mo-
•efaM# »f fm^Tmrn- mmw 
il«- f« WimMwAm «©M- *sit %1» psw«aM«, mt 
pWMM'ltotetsIji# S#fis-» luptl,# 
f» TtfeK^L» % II# a» 0jf 
•il» ?«• "6«M' »!*»:»«# Ts# te»#t im%m»mm a» m mmmm 
mt 'irl *»€»•% 'lai lii®t©fl.«if4a»." -ftpfi®* i»«: 
m$ mm* 
*wm» f» *., !• 
%*.. !• 
»«• . • " 
$§« WskmtSg. Im jr« ilR-vta ftM tlii" 
MMmm*. 1*0 mt lt»# 
'if# §• *«p •»!. S«. ^ irtfeisia %«.• 
if• •§» f»• - iMi W^^mwm-rn Km #f ftfeiMs ®@« 
!• te.'-©*. feft*, iit it4»-a4%, wm-rn 
li» $« K* ttirt §# V# A W'^ l^i^met 
mrnhsi^wmmmrn 'I* Btol* -idts* 
9m 1tot#r» #•. 1« lt«i m^w® «f' "rii^-
»#&• 4^^€« if^« ' 
iCI« S&@is^ 4» f* SBi &!• fititii.m B 
SI* i* wm& %m- &• -Ste 
ipi#l,«% sftfii'm 4#iwt£t&s 
*ls»©wt: &!*• S^. Wl,» %m-t !-»• 1S»* 
./^•- t» 1» ^ W» memlMm mt 
idtiB^ Mm t» • « 'tetM 
€• 1# mm& WiMw* W» mt 
ptm mt^m «f S»' II* I^SWM « 
IHidtjpft Jli®feW' mA»1mm !•- S1®I» iif-t t'ft«»#&l* 
19». 
Itt#Fy S«||.. ^ipm% Mm 'M^-m mM «mC!^-3$m»0 8« V* 4 9i»p2.ift«t 
Mttei fw" « *ta% #f it« 
mm* %m$ iiSS. 
Mmwsks^  B» ©• f« ii»i W». ?». tet:&0MetMa®1ta»-
^ @bi». ,.i»:i mt-^m* ttt«*. 
M# S®@*» ®Lt 9W^ 
tT«,.. li»* 
- Sf« f# ®» •afe»»iii%i©wi #a «»«(»••. €iaiarii^ 
p»pir%it« ®t -jai.%t*t» #* M«l.«. 
IMi »•«-» 
Mm- t* X* 'Cut 1*. "Sgp^rSmmtw «i^  • tim^m 
m rn-rn^mmm mm* tf^, mm 
t^m-m 
m*. W» iH^L i» #f 
•*ft3.toi-^ C# im-^ irtHi^a %®l®^S.i^ 
t» i^fe«^a 1 -«a€ ti ia«feik3pf^ 
' iit- im f#siiiig«*it.'teff^ -« jr» 
mmrn. IMt 
ft« W&mm^ Wm^: •!•«%» wit^ F» 
"Msft sys'StesSSssliwiF 
ttidt Sas '^BiS^W' |P®13ssiii ^QPH** 
^ m^hrn g#»» f4#»» 
?!# aia^;» ©# #• WKt%m 
i». S* &• •^iSJ.ltf #f i C%l». # (%)•# 
«ffli »4. tt »»m* is»* 
It* itfwii*. #• A*.* ntai'^  «#. %m-B #• *.•» ^aMpt» 
yy tM #mA* i,. «iA-« «asi»*i> i^i tmm^. 
^mm 
'mem -mm fan ••! •#§ 
•^t 
^ *$m*§m m :'*iot«^^ t mpmm m 
m *m '•m *m *«m^ •m 
*&m^9m -^i **&«! •i©f#iiii *t j» «»^S 
-•fii«®j«f ii»ipw?i>©ft •ji *g •€ *E *9m^ •!§. 
•«ii *m **i *^mm *% 
•! •g 'f®* ••*? •# •#. *m-%m *tM 
•^1 
t^9 m ft «"™^. ^ *1 «f 
oiiiKr mmm **m -**% *mBkPmm».fa »*«• •« •«aieB •«« •«% •! 1^« **? •# •*m •« *M« •"Ot 
til, ^ •i *mm^ t *i»«% 
SAtS®5m@ flaHrar *¥Tf' »#^ m.mwt£.- WiW,1£^^MS 
•mW" •* ••f -*l: *1 •»^, 
^•imt . 
••MA *W 'f •wm^rn^ m 
mm m jr@ ^ •fi 
m%%-%mmmm ••« •si'i^#4 w» *m *1 'm 
•tw-^st •«®1 **f *I «%#««* i«^ • 
mm', *f •! pm «* *]i %k-
•fg«f •l.i-ft t« 
••*f *«®p.ipK># %«•«•tfspm *s»«»-i| 
fwpaf ^ «j. *« "pa* •? •%l'®Ka *t4 
»««! ••p* •t#w * 
UpWtlA '*1 •f' **0 pi» «* *x *®|, 
, «»4 -^m 
»£ «f»a ^ Wf « «» 
^ *1 '*t •»at«yt 'pw *#• •tj, 
*®®it its ''*wm *-i SI § g Mi^pi '## 8» mim 
-»ipi^l: ffilig *f ipw-' '*§" •§!, 
-1S€-
ItAa, aa^ Wmgmr^ymwmgg.f, T* 'w»r liaet©-
SlMwtn-0 d«a Wmv'bmtmft i®s» SiBi 1034-
xcm* liSS-. 
8®# IijtoR, !•, iySrgir# f an4 f. lfb®F Oir©-
f la via, i«a Pmybstoff €«» Itklftr* Ber*,, 6®Bf S7#-
S«* imBrn 
Bl-t ItilBa,,. S»||. K*, faltselsilit.,. Stsroto#!®^ I#, 
«n€ •®pis©hiMts.^ !• Sfntl»istlse^« S|,. -
d-^jptboflii^B.# lata«ris#®msiifc«ft®a^. tSt 26©» 19SS-* 
S8-* Ktifem, 1#,,. ami Wenat.^ ©• il«i» di# *i©&s^tewswli'foaig wmn 
M«MtB am daf E» Fhjs-iol, It?-
1S0» 19». 
8S# lwtett.3i Urn «ad W®f^a€j> F» 8pifel#lBSs©l»» ?ifc«s£» ier,, 
eft »C®4-i®S:» 1934. 
90* l«|iw3Vikf, S# ai^ Ji&dJt, f» 1* •''Pimetioaiitlos ©f'th®' 
aim ff • ©«ffl|pl.®x» • 1?r©©* Aa* Soe-i--Bt©l« Biol* 
Cteea*, lis I a. liS7* 
91-» ]topte¥sky» • S* ^fstallte® fa©t©i« l.» Sel#ise©, 87t 1S9» 
S2» li©pl:©vgfc5-« S«,,f -tftak#®,,. !•, and fesus®, 1# !• IBmi toI-
tipf© mto® ®f tfc® tlj.li»d f»clsoi» of fcli® Titamin B 
e«Fl®x* J. Biol*. llSt 19m* 
SS« Iiewls, E, 1# •Otfesr faetusri vltaffiiaa- B mwA is tH# 
fltiffila B ©«tpl®:sE.» 3* fctePltlo®|t Si 5S9-S?0« -IfSS. 
t4»- I»lMh0lm|^  a« St® rmpmkm'ot yats %& gr«d®ft d©«#s of 
fl«il»« mt 3M-M0, 19S8» 
ti. !:#.ta»aa,, E« aad f# ltet®rstt©&a3E@»ii mlSM* ai® 
eoe«Flb®a^la«#. Sl©©tea« •it4f lt37» 
96» If-amd®, 0» «M &i*^sta-€0 H. fitaala Bg 1» fish. ®i«l fisJi 
^odiiets». Bi©eli»a. !•, Sat 70S-711. 19m» 
97.« Me00llwBp S» ?. and aa^rts^- M-» the #s.®«Btlal faetca'S Im 
tti® di©t d-wiiig gi?-«iir%h.» J. ai©l» 231 SSl'-246#' 
lii8* 
m, *©€#llm^. 1, Oi»«iit-I©il0«, «k«l ^y, H.: fh®^ 
n#wer of stttFiti©«» ?• ite«ill&n Co., 
l@w ¥<«»&• ISaS. 
99 • leCollOT^. ftua SImboi^S, -I» HI® newtr knowlMg® of 
atttfitloa* !?• Mii^llii® 'e#*# H®w Tofk# lt®» 
-iss-
liHer, €• a&'tor»lmiti©a ©f ® enrni ®f rss^as© t© 
sfBt&etltt epystftlliii© tiiliiadla# tm in tin# vita-
Min % «S8«f ©f fo^4M' hy thm mt gwswtii K®tlio€« 
J. latfitloa.^ iff 
ICE* lillep# Mm *&B •itasadsi ®f Ftmlfepf 
B^Ug. 17t StS-S»0* !§»• 
'1G®« H«- H» th# iAtatltf ®f tfa® wa^F-»®lmtoi« 
p»©w«i ^tssln® • «i»a the «s%±m@witl@ 
vitftaii»-* y, Bi-®i.* mm*:, ms mw^m^ i@it* 
1®» 4# f«|^  !fe©k®, B.« B*., ant 1# -G# Titaols 
a« aff«©"fe#€ dfstarj 
1.. l®t 1S»» 
im* l®rgmli».y. S., WiMw, ?• K#, a.M S* H. mxTWrnw 
stooiefs » f«ster-a as«©etst»d with mitritjioa-
• al nasel® ilysfc^:^f-* lwtrftloft,|i Itt 219*227m 
mm». 
IC®-# 1# *• aM Smm&p 1* Vitamin ia sm@sir ©mas 
Jmi#« itai la smm mm |iile# pr®da©t»'» i» 
Mmmmrrn, 41f iS»,. 
106# I®lsom, ¥* f» #•,. »»€ 1« I,' l®lass-@s 
fta a sotiP'S# 0f vlt-taim B« X»i» lag* Ifi 
l»«-SOg» IttS* 
107# H®lsoa,, f« S«, !*,>• 1» sad 
M* *« Codt liwi* ©tl fter j'ftfroaiastisn,# toi. j» 
aysi©!^^ SS-t 4?S^:I.. 1^8. 
I®., 0*Bp4@a#. !•• 1# leftioto'ef ©f fitaMa %* " 01s»* 
lafery aM Mmatyy-* It# 4it. 19S4» 
ykoi.» R» 1*, llwh.Jw^, C-, A*,. SBd aiPt;|| 
1* !• Mditieml m%3Pi%£oi*i f®efc@rs by 
• m& fat* Biol, mm., It'ft SS-SS* 19^. 
110# E, «M--M« 0eF#to«llaF dl»-
®yd«r tm eblete,- appapsmtlf #f mtritioml ©rigis« 
J, Ixpti* S5t ita» 
111* F©t©r», !• Vi^aiB B* Mm turn,. 3^4.1. 411.. 1®®, 
,/ 112» ?-»• A s«-^M tlt#w©latoll® »fe®p-s®ltibl« a®e-@ss'-
aiy tmtm-' m@msmwf for th© iisife^tl9» of tim y«%» 
Bioetes*- 3-., gSt Ifti* 
-lis-
y 
C* P»- Mm titm&m % {§) 
easiM telA«iE IfSS. 
114* 1#, *ai; !• S* iMm l#«l©si ©f 
IHtei 3pa% a8g®®lttt®4 witlt tltMAa 1 
' Wat*», M@# ,Agi'» Ixpt# it«# Mmmw-^ MX!*, 241$ 
m pp0 i9m^ 
111* Isbiiigmp a* 1«« !• M^p sat 
&mm&siillm 1# A* sail^le m&M mm. a 
gmmrn rn&m^m i* fctriti©®^ i?f i9Si» 
US# Siil»0a,^ W* Bmm •9mrmmM' f  H» »#,, -aM 1» *« &§. , 
i©tt <i0«®alamti®a mpsa a€» 
«®rptl.0» «f «-©Wl¥'#. <if tli« ^Itiiatit 1 
#IMPMIE: ^ Sm llol# -0teia», 801 
!««• 
ll"?. W# H» is mlmttm t# tite pmwmttmk 
«tim mt Sf» J*# M®ii» Asso®*, 
3101 mm». 
lis# 4» m ti» IsolatlOT'^ f-
iiatta®WPl.%le im A»» SII«B* S©Ne«« 441 
1922. 
Hi# A» »f «. 
fimpKPtlwi ©f 1. t-m- S* 
mrnim stf m%m€* ift4* 
ISO* Mm aail3»wi%l® "Wt^&wSM ]§am^ 
p8tm& tmm hmwm'*m Bi«l# ISiai#-,. ®?# Stl» 
sc»» im@m 
'Itl* Slt®CT»a,| S» ©« 11*8#^^ M-m f# A stttiy @f 
tti® of i?ltaiite, S» 
3^ Aa. fee#, Sit tmirn 
Mt# Sli®iws^,H« t,. S# j&# ®» iltafflliss# t ©€•• 
0h«iS.«l ©i-Mlsg lill# 
M^m Urn t« ifeM Spto# A# ' A mttiM&t iav#stlgatioa 
«»§ sm ap|!aieAM.©» of ts-M mtimA fm tTm 
atefty #f vltaa^a B* 3"# A»» Cliiw#- S©##,. 4Si ITlfw 
S?^. Ifgi* 
124# SiwwMt# !• I##" B# I# tttawlaf»s-efe#. tt 
lt»# 
1^# M.m, », t«|^  teffta, 1»,,- S# 0. f^lMgsm 
«e#»s«3ftallf ta»eat®€ wit& aieotim,® »®M# As# 
»«# IQft t«4# ItSf# 
Its*. *• I mm tl^ ®f 
•nmtstaewifei® 'H* i* 'Fmli* 
4Ss >!«-!»* ISSQ» 
ltT» I*, ftsa lfeiiirt@lai. '^!• #• imtritlom 
wBmim. mlWk tpi#d y®«t *ifete mtmw^ 
&mm %© its wilM# la a©ft#t©a#ii 
S» ©xp«rl»»ia^J. rAtien®* W* S» fmb* l®pt#*|> 
• 4ts »««• 
11S« St«#al>eiA^ a», S®tl., !«• f«|f mwA !.• M» I 
l;©«telf®fia tit® mm- ©f fell®- mt tm 
!*• »«1»- IfiS. 
l,gi« 1* 1# sii^ f# D» ¥• lida«ft©@ ©f 
ft tmmtm If #lit©k»» #, M®1» 
wm'm-
ISO» »• FMMg#Bg, @# 1*, -®M 
Mm • !• ' f,iwwM»%rl-« -©f 
t-«- MsS^wt $mi.».0 Ms glS-<tt©» ItSt* 
ISl# Sw#.j| 'Bm^^ E* Mmm MIE;#- •*»•• ©-• A tiff«»©«%!»-« 
%!©» ©f 8#-N&«Il#ii idtssia 
t» Wt S4t-S€S« itSl# 
IM. Mm , of Aa Iteiaw### Mtiff"#- S«i*I» 
Mi t®# «i»ft Jlpril li®®» ^giml att 
®»«* ^ wiltmr^r 1&® wt%sm&m #f' tiwi 
B«# iio«p1.#x« Sei»,p. il's 
1SS« E» ai4itf«»t®ll,w0g 4w fl.i%:ai®s^ra®«'€« 
g#2,W !•,» MWSf m4mm$m 19m* 
IM-m mrinmgM ©is# a@ii#s 
WmrnwwlMmmmisMflm^WQt i®i« If-18# 
ISS* WaylMiM, *•" §&^Wmm^mi^mWLm0. 
tUf 4«4-4tf.» ItiS* 
1S@« ©•» fiM i®ep-lgtt«m^ W# ffeiti* »i» ii«-a#» OKMH-
ti©wf«w®Bt •»! miM 
ts4f 4m'4m^ 
Z$fm §»||. to-lstlnsji' fiai. ari«»»£ 1» WSj^kmstgrn^ 
Aw §©"•?«»»%« «» i?ot«i Blo«-
E»,, MWf 14i-144^ . ifSt# 
1M-# s»^ l^wia# Mm C«- lfld€®» far tl® 
mmm &£ a" iai»4 i» %im- 'W$.^aAn B ©€mpl#3£ 




























of flmwM mm (B®) la 
pc«Kl»r ©xtaet 
t 
ftuS iS«ppl.«wtat8f t 
W&ms. #f dietHr , i , s mat wmttyBrnkm. t imtm 











0#  ^g« 
0*1  ^g* 
0#46 g« 





0»  ^g« 
0*mi g. 





4»4 g* § 6 
f i» 
M 
0»C  ^ g» 
0*  ^g. 
S.l g» 6 6 
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IM g. 4 4 
M dB 
23 
0.^  i, 
0.,KI »!• 
4*0 g» 4 i 
Mtloa lo* 1 wm umm§, £b iill ai®ts ®f S# 
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&m« II 
Mff03?emtlafelcm of msuS. faetop t im. Wmj 
#3:t3»©t aM"ts i»lAs»ii« 
fraetioM 
cfeimip I t gsias i 
aaA i&ippl.«»Bt8.i trnmlm t 



































































i..0 g* 6 @ 
^m»ml patim ao. l ma im all «l#t» of tum# II# 
I if 
| g  f S  | g  
8- g 










g •« g 
0 |« 
w I 
gls sis SSS gsis MS SS^S SgiS I 
I 
pop Fff ooo • • • ' ©ooo FF pppp pppp 
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w m 
<* i» I 
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sf fXatte, f&#tep t la 
tjemk hm 3?ie#-
is®A«# t•"' '•'••' • ' t' ' " I '• 












4:«® 4 t 
Wm%m ^ 3tm^ 
15 















































10.0 g. 8 2 
Mt-im 1#« 3. liM Im mil €i«fes taf t@M# If* 
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i  •  '  ' '  f g s i j t t  •  '''• f •'• ' •• 
sM t %0mM t 
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« ^ a  P Q 4 , A  ©"NW «0%4I0 
m 














of flavis^ E, aasl aicetlalc acM 




« t' ' " ' ' lAifg* §aias s.' 
liiippliHMats s I##Vi§2.s s p@:r sl«iflj©s»-|l«^©3? 
•' t I pBg w®#fciw#eto 8 rmfee 
H 1 % 10»0 








flavin 0*m aa. 
® 0»OSf al» 
m- QM A* 
no g. 3.1 6 
I ^ Bi 10*0 y 
flavltt CS-ISI 0.§i «!•. 
®C 0*1^ . si,# 
Bi<sottat0 3.#© mgrn 
mm 
®»0 gm B 6 
I m % 10»O y 
fla^rla Cilli O^m al. 
©•lO 
nicotlaie l-nd i^,* 
aeM 
4*0 g» 8 
1 4 ®  B i  l O * . ©  y  
factor CJ®E) ©#« 
m Q-,om »i» 
al©oti»ie 1»0 ag* 
s©£€ 
1#S gi 4 S 
I «b 
factor 2-free 
% M*# y 
il O.dSS ffli* 
atcfstlsle i.#© mgM 
aeM 
l-«© g# 4 6 
mis.® to* i iNas ws®<J la ali' 
whmm otlMWls® spi-eifi®t» 
##lasal. BatlQB »©» 2 wsd# 
SnBOBIe^^E^E 
mfeM vn 
Prae%i«ui^ adso?p%l<« -mm Bm^ms &t fm&%m 2 




t p«r tWmSs&tiWas^w 
t pgy wtiiE tw®#te tm.%m 
































































•SSajiai raii&" lo» ' ot ?ii, 
t&mrn Win 
m&smptimn trm, Itrme 
Cllt»%8 m. mw^mm of faet<MP B 
QiPoap i @i4» • I" 
I p©5 mM 
I B#y w##tew#etai f mts 


































































3»4 g# § 6 
# Sftsal mtic®'i was «s-^ Sji aii' dlete ©t tabl® 'flit* 
mmrn m 
Wm- mttm% of SB sm alfalfa 
m m of t« 
of tla®- "SB faetor® 
M@d»i3P I 
•»i tWoLpptmrnmbs t 
laa# ©f €£«t*t i 
iAfg» • t 
M-mM I imfe 
i pm wmktwmim t ^mtrn 
8§ ®1, 1§«0 y 4»§ g» 8 6 




K m m o..o« S*t g# 8 © 
fla¥la Caal 0*®v.. ml* 
aleofciale 1»0 m* 
aeM 
alfmlfft •o-#i. B* , 
£ M % 10*0 y 4#B g« 8 6 
S0»f»« • % tlMwiM (m&} col* 
1.0 
alfaMs ©••s B* il. o.oss t&m. 
£ ^  %, 10.0 r §«8 g# 8 12 flwim C^l 0«Qt ffli* 
aie®%i»ie 1»0 
Alfalfa •0»a s* 
m ml. 




m ©•M al# 
alfalfa 0..1.5 S-









»a. iSmsp3.®»eafes f I.i®wls t mM tWrnSimtWrnbrn 
Wmm ef i , t mr we©l:sir#®te i mts 
s m SB 0^.X& g» g# 8 6 
Dotttelea 8B flmiM |S1) o^m .»1« 
aieotinie 1»CJ a®# 
aeid 
X 59 1O#0 r g-» 8 6 DouMM fla^ CSISI ©••as al* 
alfalfa 1»0 m* 
aeM 
mlfslfa ©••s &* 
K SO 10«0 y 8.S g« 8 6 
SB^Swm * flaiis |glE) 0«02 ml* 
. JSOl&S-EdS alcettaie 1.© m* 
acid 
alfalfa O-^S s* 
^lasssii' o»s 8* 
K 28 % 10»0 y 6.5 g* 8 6 fla^a CtlE) o»og «!• 
•©oas aie#tls3dle 1»0 mgrn 
aei€ 
alfalfa o,.s «• 
mm 0*3f§ g. 
S % 10,0 X S»0 S* 8 6 8B»f 1^#® • flavi» cm) al» 
washid ea8®ia fiic-otl»le 1*'0 ag. 
aeia 
alfalfa 0.5 g* 
X 54^ %, 10 •0 y 4.0 S» 8 6 
• fls¥is' ISIEI §•02 
casein aieofcinle 1,0 -aag. 
adseo'toafe# mm 
alfalfa o#s g* 
c&s^ia a4- 0.1 g» 
K Sf ®1, lO.O y 7.8 g. 8 6 
8B»ff«# • fla¥la Csm> 0»02 kl. 
faetoy £ ai©otl»i« 1.0 Bg* 
mid 
"eSsal ratl<m lo» i was -msed iB all diets of tmbl® IX @x©#pt 
wl»i»# otl3©rwl8© sp®slfi©€# 
4i«Ba®al ration lo« 2 m3#a la %li©a« diets. 
faM# Mm 
OTOap MwN!^ t $ fAvg# galiit S 
wi iSupplmm.^ 1 %m-mM f pi-ir «t t 
€3# dt## ^1 1 1 wmt wmUt' vmM f t 
M s? |c«t»a) alfalfa 0»3 S* 
m o.ie al* 
K ^ 10»0 7 7.0 g« & e 8B.f1?®® • tUvM CiS) .«!• 
faot®r S Bie©ti»t© l#0 
aei# 
alfalfa 0*3 g* 
m 0»0S al* 
1 2m %, 10-.O r 7*1 g. s § 
* flmvtu i2m) O.-Ot al* 
alte3im9 1-.0- m* 
teateA 'Si mM 
©Imt® alfalfa. o,s t-
m ##os mlf 
.1 E§© »i y ^•8 g. 6 6 
SB-fr©# • CtSK) 
8S ai«©%l»ie 1»0 »€• 
ml-a&im a«M 
alfalfa 0*3 g» 
80 al# 
K S 6a Bl^ 10»O •y 'S## g* S S 
BBx'tmm fla-fiB (um) 
nieetteJLe 1*0 llg» 
aeM. 
alfslf®. o*s S# , 
E m % 10 •0 7 8#1 g» 8 6 
w f lavis COTI Qm al* 
nleotiaie 1*0 ag« 
SB aei& 
alfalfa 0»3 g« 
80 ml* 
ration I' was tx»®€ in'all fiiets of tiabl® S 0xe®pt 
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f&hlm X 
pm&mw m & scti«i» of ¥lt«£ss «ai 0 
' '•"•"•tJ.^*'"^iiii " ' 'i tteits'ipy? 
safi iSii^l^»a%ai m% Wm%m t g* ^ 







































f % e*^ 
*§ix u»»t' ia ®«©li ^ mmp 'of all gi^ups 
wittoii !©• 1* 




as a S'owmm mt iritaaiaa of 1 e<»pi®x 
Qjpcfop' '^ ' ' giiiii ''''' ^ 'pS» 
lev®! ••»! s#mppJl««ic^.»f p«r »% fsetsf* i g» of 
§ . 1 iNs-g wmM^twrnim. 
m* mmm !•#- - 11 l, 
§ f le. 1 
»<m# 0-*f g# • 11 % 
T,§ ^ lo, 1. 
§g-. seii» i«i g# li Bt 
15  ^ »• 1 
SS*  ^ .3a<a# 10*0 g.' 13. Bt 1#  ^
25 ^ I0, 1 : , 
M* a«« g» 11 Bt 
IS  ^ 1#» S 
Si*"® 
26  ^ Io« 2 mmm 4«# g* 11 % 0.9 
as. 
S  ^ iQ# a l»f g» 11 % 
•r^g % lo* S nms g* 11 »2^ 
50* 
IS $ lo* 3 ao» S..0 g.» 11 
Si.» 
SB $ 1©» S s<m# 9»0 g» 11 &i 1#® 
40., 
S Eo. 4 aoa# 2,1 g« 11 % 
41. 
f « 6  ^  l 0 »  4  t t c a a ©  S » S  g » ,  1 1  %  
4g* 
% % t !»# 4 a«»@ 4*# g« 11 »x 
••'•'' «F«# -^ ©mp® 110 to iS iTOlusl-r# six »ts w«» a»M i» #aefa, 
group -aod feasal «ti«m »©.• 1 ms f©#* 
##&# average fo i^ ee»swpfel.cm ia gi^ cwps SS, Si,. aM 43' ms 
8#.0 g« psi' mt day*. 
mmfbrn awfag® foM la @?omp 5S w®s §»0 g* per mt 
per day* 
tabl.® XI» 
"sH^T'^ Ss' "i^EWpEF 
l®wl sSm|>p.3.»tet«i pii'^  s*a^wt faetfi** t g« ©f 
tpm y##E iwe#to 






0»:fi g*. 11 
46* am%©-elsw€ 
1®,- 1 |r©s»% 10^ 
«ia g* 
1*2 g« 
§.1 g* 1©. 1 8» 0»§ ^ 
5 8» e»05 g. 9,#0 g* 
SO, 
10*0^ I®- S 81 0»OS g.-. g. 
88 S»0S g» 'Mi-mQ g# 
•8S 0»®5 
Sl« , 
¥»S^ I0«. 4 
SB. 
iM Ho# -4 
83. 
f»S ^ I0. 1 
ao mmmmim &mm 6«S g# 
S6. 
©•.IS g» lo,« I % lQ*Oy g» 
Sf» 


























.0^6^ 10. 1 li m.Qy 
%or %o ® Incliasit^©, six mts war# m®&. #aeli 
asd basal .patism 1©» 1 was f#€,« awmpi i® t© #? in** 
©liislif®. ••eeatainM six imts ®aeli,. and tb©s® -^mpm »ie-#i¥©d 
basal ratioa !#• S# 
T&btm Mm ContXwam 
Sjpowp WMtoer®!'' ' ' • '' s"teg.» ' t ' ' tWiiii®'' 
1®^©! «ai. t S«ppl«»sat« t p&w »t ilwlb#ipt Faet«p tp®-i? g» 
aa-gel®, 1 t -Beg* w«ii[iye#kii 
S®. 
0»11S g« »©* S B|_ lQ*Qy O.S g* 4 flMvlm 
«0, 
0,.3 g, t li 1I>»0 y ^*0 g» S fla-rln S»,S 
G,.€ g* fe» t Bi 10»0 7 S*0 g* 8 fla'Tin 
6S* 
0»1S g. lo« f Bi 10.-0 y 2.*2- e» 4 fla^ia 
i5-» 
0^3 g. So* % lOmOy ,g* 8 f1Mi¥ia 5.7 
64* 
0..6 g, S©. S % 10»0 r S» ® fla^ia 
©•IS g* Io» 4 Bi 10..0y .M g* 4 flsvia 
e«» 
0.S g.. fe* 4 B|_ 10.0 7 5»S g. 8 flaTln 
67, 
0.€ g. 10*4 i0»O7 6»# g* S flftTia 
yyoupa ss %© 6? inclmlw ©aofeBimed six mta ©«eh, aaS ^ m® 
grmxprn bftsftl r«fci« So#- t» 
II# CenMimM 
I • •'• tttiatis 






















Sk' =wls|«K) > S,® g. 
% m».Q y 





0»®S g, " 
0»€® ai-». 
!-•© 
Bi 10.0 V -











8 fiketos? t,, 6 #8 
a«M^. ®ai 
Is 
S &•©%«!» t 
S fse^^ S S.»0 
ainw il 
mbM SI • 
•fbit# ®om -as m ®o«p©.» &f at#©tliiie meM mwS,. factor t 
I®, t 
'mW& |: 
g»i»t t • flttits p» 
s p®i^ rat tie.* tlsalW'f gf«a 
I per ^ 
f ^ mmmk i-
II % 1©:..#7 
i-.og. fMfift 1.111:1 si. 
1» Bi 3.O«0 y 
l.Og. flairlA (t»| 0»C^ Am 
• mleottai® 
aeM 1.#.0 -i^, 
IS % !©•© 
O.i g. ftsviaiilXl 0.« 
IS % 10.0 > 




€•4 g.» i 
i» S 













.-If lKSll®«I m%&p #©»! 
fi«& iaft«l its Sfiswpe®# of ¥itaj»l» ©f ^bs- 1 
•»©# 
t 
''''t • •" '• • •" iteiM 












0:,-a g» flaTtallKj 
^ I©*© > 
©•« »!• 
i»e 






S»®: g, S 
S#^ §;• S 
1*0 
g# i.0-%0 gi 












0#iii g# i*-8 g* 8 '^ ••©ottnl® 
«*f g-i S uteotliii© 




w«j»# wi^ #f Sim »tsf femi'pi Ell., Qt-, 
!*?,( E8, ani 1® Imsal ao« t| 
ES|j, fef feaaal *Moa fi©« 1» 
XIII. 
fc&p • I • • i • • 
w&m. «aS $ f p®w» i l»#i fa6%» sp©i» g* 
Simple t . . i-ttti* f 8 ftal, 
©T' SS g* S*S g» S f«et» t S.9 
0-#S g* fJA-viatt®) M.mtm SB 
alfalfa w&mtlmlm a«si<S. l.#0 
IS Bi !{>•# 7 g« 4 m&tm g i*t 
g, fMrim Cm) a»«al,. 
eopii nleoti»i# «eM ' 1*0 
m • 0,.044 «!» 
1? % y ii»o g» 4 f«ct©F t t«g 




»8 % lO^O y ll*g g.. 4 f«et©i't 4.S 
0«.W i,» 
©«%« ateeiiiil#' 
«-eM I,#© »g« 
6B ©,044' -al, 
W' % m»0 y 16.0 t* 4 f^©t©F S 
1,S g* 0:^m al* 
«®t!S ni®«tlal® 
mo'M 1»# »l# 
m 0*044 si, 
I? Bi l^»®-y S fa®tw t 
Avt»C'i«l 
s%»i*eh a«ii 1## 
S» 0»©@S lA... 
I®- % 10.»0 y e.t ,g. 8 faetw t 
?4»^ flavtmC t®)- 0,«' ^  • 
ewa aleotltti# 
a®M l»ll 
0B 0».0S6 «1, 
19 li 1©»0 y 1..0 g., S factor t 
©•6 g. flafisCSfS) 0«C» ml» 
fish aleatlml# &&M 1*0 
wmmt €B . - . 0#.0€§ 3^* 
